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This volume in the list of Burroughs Electronic Data 
Processing publications is intended as a manual for pro- 
grammers. Its purpose is, as its title indicates, to acquaint 
the programmer with the operational characteristics of 
the BURROUGHS 220 Data Processing System. 

The center of the BURROUGHS 220 System is the Data 
Processor which, with its magnetic-core storage, gives 
high computation speeds. Information is handled by the 
220 in binary-coded decimal form. Thus the programmer 
need not translate the information to the binary number 
system and retranslate it to decimal form. Keeping track 
of the decimal point may be accomplished either through 
scaling or through use of the built-in automatic floating- 
point feature. Further reduction in programming and 
operating time can be achieved through the use of the 
220's partial-word instructions. 

The Control Console, the operation center for the BUR- 
ROUGHS 220 System, is designed for ease of operation 
and maximum usefulness in checking out programs. It 
includes a keyboard for manual entry of data or instruc- 
tions and an interval timer to check operating time. Reg- 
ister contents are displayed at all times; controls allow 
single-step manual operation. Thus, when checking out a 
program, the operator can examine intermediate results 
at any time. Program errors are pinpointed by indicators 
showing in what part of the system an unexpected stop 
occurred. The operator can inspect the contents of a stor- 
age location and enter new information into storage with- 
out affecting the contents of the registers. By depressing 
a button, successive storage locations can be displayed. 
Ten program switches, used singly or in combination, ex- 
tend the programming flexibility of the 220 and reduce 
over-all programming time. 

Two kinds of magnetic-tape storage are used with the 
BURROUGHS 220: the Magnetic-Tape Storage Unit and 
the DATAFILE* Unit. Both use dual-lane, addressable 
magnetic tape: i.e., the tape is divided lengthwise into 
two lanes to reduce the need for tape movement and the 
information written on the tape can be updated selectively. 
Magnetic tape may be "searched" for information in ei- 
ther a forward or a backward direction. Searching is the 
process of automatically comparing the search key, desig- 
nated by the instruction, with the first word of each block 
on a lane of tape until a comparison is found. Once ini- 
tiated, searching of magnetic tape is independent of Data 
Processor operation; computation can continue while in- 
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formation is being found. Tape can also be "scanned" 
independently. Scanning proceeds in a forward direction 
only and is the process of inspecting a designated part of 
the first ten words of each record to locate a particular 
category. Blocks may be from 10 to 100 words in length. 
From 1 to 10 blocks may be read with a single instruction. 

The Paper-Tape System provides the BURROUGHS 220 
System with complete facilities for input and output util- 
izing paper tape. The Photoreader reads punched paper 
tape at the rate of either 500 or 1000 characters per sec- 
ond and can stop on a single character with the next char- 
acter in position to be read. Information from storage 
can be punched at the rate of 60 characters per second by 
the paper-tape punch. The punched tape produced is 
accepted for reading by the Photoreader or by the me- 
chanical reader available with the Supervisory Printer. 
End-of-word characters are automatically supplied. The 
Supervisory Printer operates at the rate of 10 characters 
per second, printing numeric, alphabetic, and special char- 
acters. In addition to the Supervisory Printer, the 220 can 
use up to 10 Photoreaders and up to 10 paper-tape punches. 
Additional character-at-a-time printers, with the same char- 
acteristics as the Supervisory Printer, can be substituted 
for the punches. 



A complete buffering and editing system connects card 
readers, card punches, and line printers to the BUR- 
ROUGHS 220 Data Processor. This electronic card-han- 
dling system, the CARDATRON* System, allows the use 
of up to seven punched-card machines and/or printers — 
all operating simultaneously, independent of the Data 
Processor. A CARDATRON system consists of a control 
unit and up to seven input units and output units. 
Each card reader, punch, or line printer is connected to 
one of these units; each unit contains a magnetic-drum 
buffer. The card machine communicates only with its 
associated buffer unit and the Data Processor receives 
information from each buffer in a fraction of the time 
required for reading a punched card. Thus the Data Proc- 
essor is not tied to the speeds of the card machines; in- 
stead, computation can continue during reading, punching, 
and printing. Editing, format control, and alphabetic 
translation of both input and output is handled auto- 
matically by the CARDATRON system and editing and 
format facilities may be program-controlled from the 
Data Processor. Thus there. is no limit to the number of 
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format choices available. Five separate formats are stored 
at the same time on the buffer drum of each input and 
output unit. Any one may be replaced by execution of one 
instruction. The CARDATRON system accepts and pro- 
duces any combination of numeric, alphabetic, and spe- 
cial characters. And all 120 print positions are available 
for printing without restrictions of format or amount of 
alphabetic information. 

The operation cycle of the BURROUGHS 220 is divided 
into two phases, a Fetch Phase and an Execute Phase. 
The Fetch Phase is described, with flow charts, in the 
beginning of Chapter 2, the chapter describing the Data 
Processor. Its description is not repeated since the Fetch 
Phase is the same for every operation. By far the greater 
part of most of the chapters of this volume is taken up 
with a discussion of the Execute Phase of each operation 
related to the system component being described. 



Appendix D and Appendix E are A Glossary of Terms 
and A Glossary of Symbols, respectively. Since these are 
the terms and symbols used extensively throughout this 
manual, it would be advisable to study them before delv- 
ing into the manual itself. 

Extreme care has been taken to make this manual as 
error-free as possible; perfection, in such an endeavor, is 
seldom attained. The authors and publishers would appre^ 
ciate, therefore, constructive criticism of the contents of 
this manual, whether in regard to errors in fact or to 
manner of presentation. Such comments should be ad- 
dressed to: 

Manager, Product Support, 220 
Burroughs Corporation 
6071 Second Avenue 
Detroit 2. Michigan 
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GENERAL 

The BURROUGHS 220 Data Processor is a general-pur- 
pose, stored-program, sequentially-controlled, series-paral- 
lel, automatic, electronic, digital computer which employs 
a single-address operation code. The basic instruction list 
of the BURROUGHS 220 Data Processor consists of 41 
instructions, but variations in the structure bring the num- 
ber of distinct operations to 65 (this does not include 
instructions referring to input-output equipment, which 
will be enumerated in the chapters in which the various 
system components are described). Control and arithme- 
tic units as well as power supplies and working storage 
are housed separately. 

The Control Console is regarded as being an integral part 
of the Data Processor; however its details will be dis- 
cussed in a separate chapter. 

Depending on the size of magnetic-core working-storage 
in the system, one or two units are required to house that 
storage. 

REPRESENTATION OF INFORMATION 

The basic unit of information in the BURROUGHS 220, 
is the 8, 4, 2, l-binary-coded decimal digit. An aggregate 
of eleven digit positions is called a word. More accurately, 
the word should be described as ten digits plus sign, since 
it is not intended that the sign-digit position in a word 
shall be used in the same unrestricted fashion as the other 
ten digits. The digit positions in a word are identified as 
shown in Figure 2-1. 



± 


1234567890 




i 1 1 1 1 1 1 1 1 



Figure 2-7. Digit-position identification in the 
Data Processor word 



The logical structure of the BURROUGHS 220 is based 
on the fixed-length ten-digit-plus-sign word described 
above. Certain operations, however, permit manipulation 
of partial-word fields.^ 

Depending on the manner in which the word is referred 
to, its contents may be regarded as numeric, alphabetic or 
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mixed numeric and alphabetic (otherwise, alphanumeric), 
or an instruction. For example, 5941 51 4148 may rep- 
resent the number + 5941514148, the noun RAJAH, or 
an instruction which causes information on magnetic tape 
to be scanned. 

Each word in magnetic-core storage is identified by a 
unique four-decimal-digit number called the address of 
the word. The word itself is said to be stored in the loca- 
tion whose address identifies it. 

Although the BURROUGHS 220 uses only the ten decimal 
digits, each decade of four bits in the 8, 4, 2, 1 code 
might have been used to count to 15. The occurrence — 
for any reason — in the low-order digit position of certain 
of the control registers of a configuration corresponding 
to any one of the decimal numbers from ten to 15, is de- 
tected automatically. The detection of such a configura- 
tion results in a Digit Check ALARM STOP:^ the Data 
Processor stops and an ALARM indicator light — on the 
Control Console — labelled DIGIT CHECK comes on. 



WORD FORMAT 



NUMERIC INFORMATION 

Fixed-Point Numbers. Each word of ten digit positions 
plus sign-digit position may represent a number in the 
range -9999 99 9999 to +9999 99 9999. It is conven- 
tional to regard the so-called machine decimal point as 
being located between the sign and the high-order numer- 
ic digit ; hence, it is customary to say that fixed-point ma- 
chine numbers are restricted to the range — 1< n< +1. 

If the result of an arithmetic operation yields a number 
outside the range specified above, arithmetic overflow is 
said to have occurred. The occurrence of arithmetic over- 
flow causes the OVERFLOW indicator to be turned on. 
The status of the OVERFLOW indicator may be interro- 
gated or ignored at the option of the programmer. (See 
overflow set instructions, page 2-37.) 

Whenever it is necessary to distinguish the machine deci- 
mal point from a problem decimal point, the symbol a 



^A partial-word field is any set of contiguous digit-positions within a Data Processor word; for example, digit positions 5, 6, and 7; or 

±, 1, 2, 3, and 4; or ±. 
^ Optionally, an audible alarm signal may be caused to sound whenever the Data Processor stops on detecting an exceptional condition. All 

exceptional conditions will be described in context. 
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will be used to specify the location of the problem deci- 
mal point. A dot — the conventional symbol — will repre- 
sent the machine decimal point. ^ 

The convention for representing signs is the following: 
"0" in the sign-digit position means the number is posi- 
tive (or, at least, non-negative, i.e., greater than or equal 
to zero) ; "1" in the sign -digit position means the number 
is negative (or, at least, non-positive, i.e., less than or 
equal to zero) . An immediate consequence of this conven- 
tion is that zero may be signed either positive or neg- 
ative.* 

Normally, the sign-digit position of a word which is nu- 
meric, and on which arithmetic operations are performed, 
is not different from or 1. If arithmetic operands do 
have sign digits which differ from or 1, the three high- 
order bits (8, 4, and 2) in the sign digit will be set to 
zero before arithmetic begins; in the result word, the 
three high-order bits will be zero. 

Floating-Point Numbers. Each word of ten digit positions 
plus sign-digit position may represent a number in expo- 
nential or scientific notation; we call such a number a 
floating-point number. Digit-positions 1 and 2 hold the 
coded exponent — including its sign. A floating-point num- 
ber with exponent greater than or equal to —50 and less 
than or equal to is coded in the range 00 to 50, that is, 
the actual exponent is increased by 50; a floating-point 
number with exponent greater than but less than 50 is 
coded in the range 51 to 99: again, the actual exponent 
is increased by 50. 

Digit positions 3 through hold the so-called mantissa 
of the floating-point number; the sign of the mantissa is 
the sign of the Data Processor word. The convention for 
representing signs of mantissas — and, hence, of floating- 
point numbers — is the same as the convention for fixed- 
point numbers. The decimal point of a floating-point 
number is regarded as being located between digit posi- 
tions 2 and 3 of the floating-point word, as a result of 
which it is customary to assert that floating-point machine 
numbers, n, are restricted to the range 10~'^^ < n < 10^*". 

Usually, floating-point numbers appear in normalized 
form; that is, the exponent and mantissa of a number are 
adjusted so that the highest-order digit of the mantissa 
is different from zero. Of course, in adjusting the man- 
tissa, it may happen that the exponent will fall outside 
the permissible range. 00 through 99: 

1. If the result of an arithmetic operation causes a 
floating-point exponent to exceed 99 (exponent) 
overflow is said to have occurred, and the OVER- 
FLOW Indicator is set "on." 



2. If the result of an arithmetic operation would have 
caused a floating-point exponent to be smaller than 
00 (exponent) underflow is said to have occurred, 
and the arithmetic register (s) which was (were) 
to contain the result is (are) cleared. 

The result of every floating-point arithmetic operation is 
normalized. 

The following examples illustrate floating-point repre- 
sentation : 



Number 

+ 737aO 69 0000 
+ a0004 88 7900 
-2344 9a1 8672 
-a8000 00 0236 



Floating-point 
Representation 

+ 5373 70 6900 

+ 4748 87 9000 

-5523 44 9186 

-5080 00 0002 



ALPHABETIC OR ALPHANUMERIC INFORMATION 

An alphabetic character is represented by two numeric 
digits in the BURROUGHS 220 code. The complete BUR- 
ROUGHS 220 code is shown in Appendix C. Each word, 
therefore, has a capacity for five alphabetic characters; 
the sign-digit position of the word is used for a "flag" 
which indicates that the contents of the word are coded 
alphanumerically. The flag used is the digit 2. 

INSTRUCTION WORDS 

A BURROUGHS 220 instruction word may be regarded 
as composed of four parts, called the address (digit-posi- 
tions 7, 8, 9, and 0), operation code (digit-positions 5 
and 6), control (digit-positions 1, 2, 3, and 4), and sign- 
digit ( ±: ) parts which are illustrated below. 



rh 


1 2 3 4 
1 1 1 


5 6 
1 


7 8 9 
1 1 1 



In the discussion of each BURROUGHS 220 instruction 
word which appears in this section, an instruction format 
is given followed by definitions of the symbols used. The 
following symbols, however, are common to many of the 
instructions. To avoid unnecessary repetition, the defini- 
tions given here will apply to all instruction words in 
which these symbols are found : 

± : If ±: is odd, B-register address-modification 
will occur; otherwise, there will be no such 
modification. 

i : this digit not relevant to the execution of this 
instruction. 

Op: operation code. 



' This decimal point representation conforms to common nsage and, therefore, its adoption here supersedes the representation set forth in 

any other Burroughs Electronic Data Processing publication. 
' When an arithmetic operation yields a zero result the sign of the result can be predicted. See the Remarks section in the description of 

the appropriate operation and the corresponding flow chart. 
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Address Part. The four low-order digit positions in the 
instruction word are called the address part of the in- 
struction because, in many instructions, they name the 
address of a location whose contents are used during the 
execution of the instruction; otherwise, the address part 
of the word is used to specify some quantity which is not 
an address; or the address part may not be relevant to 
the execution of the instruction. 

In p'eneral^ anv r>art of an instruction word which is ir- 
relevant to its execution may be coded in an arbitrary 
fashion. 

Operation-Code Part. Digit-positions 5 and 6 in an in- 
struction word are used to specify the numeric operation 
code of the instruction to be executed. 

Control Part. Digit-positions 1 through 4 are used for a 
variety of purposes, among which may be listed the speci- 
fication of partial-word boundaries, the designation of 
input and/or output units, the enumeration of tallies, etc., 
each of which specifies some control over the manner in 
which the instruction will be executed. 

Sif:;n-Dig;it Part. The sign-digit position of an instruction 
is used to specify whether the address part of the instruc- 
tion is to be modified — in a manner which will be speci- 
fied below — by the contents of the B register as the 
instruction is brought from storage to the control register: 
if the sign digit is an odd integer, B-register address-modi- 
fication will occur; if the sign digit is an even integer, 
it will not. 

On input from paper tape or punched cards the sign-digit 
position of an instruction may contain a flag which di- 
rects the instruction to the control register; simultane- 
ously, the input device receives a signal that the execution 
of the input instruction is completed. 

Additionally, the four-bit of the sign digit is used to spec- 
ify that a partial-word key is desired and, hence, that 
MAGNETIC-TAPE FIELD SEARCH or MAGNETIC- 
TAPE FIELD SCAN is to be executed. 

PARTIAL-WORD FIELDS 

Several instructions allow operations to be performed on 
partial-word fields. It is necessary to identify the low- 
order digit position (i.e., the beginning) and the number 
of digits ( i.e., the length ) of the partial-word field. Digit- 
positions 1 and 2 of the instruction word are used for 
this purpose: digit-position 1 specifies the location of the 
low-order digit position ;digit-position 2 specifies the num- 
ber of digits in the partial-word field. Thus, for example, 
if these two digit positions contain 04, the four low-order 
digit positions of the referenced word are singled out; 
if these two digit positions contain 62, digit positions 5 
and 6 are singled out of the referenced word. 

The letter "s" is used to symbolize the low-order digit 
position, or starting point, the letter "L" the length, of a 



partial-word field. In order to describe completely the 
location of a partial-word field, we also require the ad- 
dress of the word in which the partial-word field is lo- 
cated. The complete address of a partial-word field is 
symbolized thus: aaaa:sL. In accordance with the usual 
convention (aaaa:sL) specifies the contents of the par- 
tial-word field. Thus, for example, (1000:04) is the 
address part of the word in location 1000; and ( 1426:00) 
specifies all but the sign digit of the word in location 
1426. 

REGISTERS 

In the control and arithmetic sections of the Data Proc- 
essor are several registers of interest to the programmer. 
The specific role of each of these registers is described 
in detail as each operation is described. 

THE A REGISTER 

The A register is a ten-digit-plus-sign-digit-position regis- 
ter. Its primary function is to store one of the operands 
as well as the result of an arithmetic operation, although 
it serves other purposes as well. It is frequently called the 
accumulator. The A register will be designated as rA, for 
short. 

THE R REGISTER 

The R register is a ten-digit-plus-sign-digit-position regis- 
ter. It is primarily an extension of the A register. It will 
be designated as rR. 

THE D REGISTER 
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ter. The D register is primarily an intermediate buffer 
used during the transfer of information; in particular, 
the D register buffers all input to the Data Processor. It 
will be designated as rD. 

THE B REGISTER 

The B register is a four-digit-position register. Its primary 
purpose is to provide for automatic address-modification 
in a manner which will be specified; it is also used for 
tallying. The B register will be designated as rB. 

THE C REGISTER 

The C register is ten digits long. It is used to contain the 
instruction being executed. It is convenient to regard the 
C register as being divided into three parts: 

1. The four high-order digit positions (1, 2, 3, and 4) 
of the C register contain what are called control 
digits. 

2. Digit positions 5 and 6 always contain the operation 
code. 

3. The four low-order digit positions (7, 8, 9, and 0) 
of the C register contain the address part of the 
instruction. 
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The C register is frequently called the control register. 
It will be designated as rC. 

T'HE P REGISTER 

The P register is a four-digit-position register. The P 
register controls the sequential operation of the Data 
Processor; it contains the address of the location from 
which the next instruction will be selected for execution. 
It is frequently called the program register. The P register 
will be designated as rP. 

Four other registers, not in the control and arithmetic 
units, are worthy of note. 

THE IB REGISTER 

The IB register is a ten-digit-plus-sign-digit-position regis- 
ter in the storage control unit. It is used as a buffer 
between core storage and the control and arithmetic units. 
The IB register is frequently called the information buffer 
register. It will be designated as rIB. 

THE E REGISTER 

The E register is a four-digit-position register in the stor- 
age control unit. It is used for control purposes: the E 
register will always contain the address of a location to 
which access is being made under Data Processor or 
manual control. This register will be designated as rE. 

The E register is used as a counter during execution of 
certain CARDATRON* instructions. When it is so used 
it is capable of counting only modulo the number of 
words in storage. For example, if there are only 6000 
words of core storage, the E register counts modulo 6000. 

THE CD REGISTER 

The CD register is a ten-digit-plus-sign-position register 
in CARDATRON control unit 2. It is used for control 
purposes: the CD register will always contain a copy of 
the CARDATRON instruction which is being executed. 
The CD register will be designated as rCD. 

THE T REGISTER 

The T register is a ten-digit-position register in the mag- 
netic-tape control unit. It is used for control purposes 
while magnetic-tape instructions are being executed. The 
T register will be designated as rT. 

The contents of the A, R, D, B, P, C, and E Registers are 
displayed in 8, 4, 2, 1 binary-coded form on the control 
console with facilities for changing the contents of any 
one of them. This procedure is described in the Handbook 
of Operating Procedures for the BURROUGHS 220. 

INFORMATION FLOW 

The flow of information between core storage and the 
registers, between registers, between input-output equip- 
ment and the registers is parallel-serial. For example, all 



four bits of every digit are transferred in parallel; all 44 
bits of a word are transferred between the information 
buffer register and core storage in parallel; all 16 bits 
of the P Register are transferred to the E Register in 
parallel: but information is transferred between the in- 
formation buffer register and the D Register serially by 
digit. In the flow charts which follow this will be noted 
in detail. 

There are three different types of information flow: 

1. Operation cycle 

a. Fetch Phase 

b. Execute Phase 

2. Input 

3. Output 

THE OPERATION CYCLE 

The cycle of Data Processor operation is divided into two 
parts, the first of which is called the Fetch Phase, the sec- 
ond the Execute Phase. Each of these two names is de- 
scriptive of Data Processor operation for the duration of 
that part of the operation cycle: instructions are brought 
to the control unit during the Fetch Phase; they are exe- 
cuted during the Execute Phase. In normal operation the 
Fetch and Execute Phases follow each other alternately. 



(rP) — rE 



{{rP))-^rlB 



(D- 



STORAGE 
ALARM STOP 



6 



SET D SIGN-INDICATOR EQUAL 
TO ONE-BIT OF rlB:±1. 

CLEAR ONE-BIT OF rlB:±1. 



D SIGN- 
INDICATOR 
= 0. 



D SIGN- 
INDICATOR 
= 1. 



/\ (rlB:04)— *-rC 
^^ {rlB:04) 



04. 
rD:04. 



6 



6 



(rB) + {rlB:04)_^rC:04. 
SET CARRY INDICATOR 
TO ZERO. 

(rlB:04)— «-rD:04 



ENTRY 
FROM P 



(rlB:66)— *-rC:66 

(rlB:67)— .-rD:67 

RESTORE ONE-BIT OF rD:±l 



z 



(rP) -I- ItP 



* Trade-mark of the Burroughs Corporation. 



OPERATION COMPLETE 

Figure 2-2. The Fetch Phase. 

The Fetch Phase. Flow charts for the Fetch Phase are 
shown in Figures 2-2 and 2-3. A verbal description of 
this flow follows immediately: 
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1. At the beginning of the Fetch Phase, the contents of 
the P Register are transferred in parallel to the E 
Register. 

2. The contents of the location whose address is in the 
E Register are transferred in parallel from core 
storage to the information buffer register. In this 
register the sign-digit position of the word is exam- 
ined to determine whether B-register address-modi- 
fication is intended. 

If the one-bit of the sign digit is equal to 1 [in which case 
we may write (rIB:=bl)/l = l], it is set to zero. 

3. If the sign digit in rIB was an odd integer, B-regis- 
ter address-modification will occur as the ten low- 
order digits of the instruction word pass serially 
through the adder and into the C register. This 
transfer of information takes place in two parts : the 
address part of the word goes first; immediately 
after this transfer is completed the carry indicator 
in the adder is set to zero, so that, in case a five- 
digit sum was generated, there will be no overflow 
into the operation-code part of the instruction word. 
The second part of this transfer takes (rIB:66) into 
the C register. 

If the sign digit in rIB was an even integer, no B-register 
address-modification will occur as the instruction is trans- 
ferred to the C register. 

STORAGE 

UUUIIIH® 0^... 

±1234567890 (^ ±1234567890 

II I t ^ I I © 



INFORMATION BUFFER 
REGISTER 



© 



w 
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REGISTER 



HZIH 

C REGISTER |m © 



1 234567890 



][=] 



REGISTER 



Figure 2-3. The Fetch Phase. 

Simultaneously with the transfer to the C register, the 
instruction word, including the (possibly modified) sign 
digit, is transferred to the D register, but without address- 
modification, even if it is specified. When the transfer to 
the D register has been completed the one-bit of the sign 
digit will be restored in the sign-digit position in the D 
register. The word in the D register is, therefore, an exact 
copy of the instruction as it is represented in storage; it 
may be used for checking purposes by the system operator 
or the maintenance engineer. 

4. Finally, the contents of the P register are counted 
up 1, unless the entry to the Fetch Phase was made 
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as a result of interrupting a paper-tape or punched- 
card input instruction, in which case the counting 
up is inhibited. At the conclusion of the Fetch Phase 
the P register will contain the address of the location 
from which will come the next instruction selected 
for execution, if control continues in sequence. 

The time for execution of the Fetch Phase is uniformly 
90 microseconds. 

The Execute Phase. During the Execute Phase, the in- 
struction in the C register is executed. The nature of the 
Execute Phase and the time required to complete it are 
functions of the operation code, in particular, as well as 
the other digits in the C register. The detailed description 
of the Execute Phase for each operation comprises the 
bulk of this volume. 

INPUT FLO¥/ 

Input information pulses to the Data Processor may be 
received from a Photoreader (paper tape), a CARDA- 
TRON Input Unit (punched cards), the Keyboard (man- 
ual), Magnetic-Tape Storage Unit, or DATAFILE* (mag- 
netic tape) Unit. Figure 2-4 shows the information flow. 
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STORAGE 
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E 
REGISTER 

Figure 2-4. Input flow. 

1. The address part of the C register is transferred in 
parallel to the E register to provide the address of 
the location in which will be stored the information 
which is destined for storage. The manner in which 
the contents of the E register are counted up or 
down for successive input words varies with the in- 
struction being executed: on the one hand, (rC:04) 
may be counted up for each input word, after which 
it is transferred to rE; on the other hand, (rE) may 
be counted down. ( See the flow chart in the descrip- 
tion of the appropriate Execute Phase for details.) 

2. The information is sent first to the D register where 
it is assembled as a word, digit by digit. 
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3. After each word is assembled it is transferred seri- 
ally to the information buffer register (except in the 
case of manual operations). See Handbook of Oper- 
ating Procedures for the BURROUGHS 220 for 
details. 

a. If the word is to go to storage, B-register ad- 
dress modification will occur if it is specified. 

b. If the word is to go to the C register, B-register 
address-modification is postponed until the entry 
to the Fetch Phase is made. 

4. a. If the word is to go to storage, the contents of the 

information buffer register are transferred, in 
parallel, to the location whose address is in the 
E register. 

b. If the word is to go to the C register, where it 
will be interpreted as a new instruction, entry to 
the Fetch Phase is made at connector P. (See 
Figure 2-2.) Wb) in Figure 2-4 shows the input 
flow in this case. 

C REGISTER 
1 234567890 



IIU® 



INFORMATION BUFFER 
REGISTER 



1234567890/0* ±1234567890 



® 



tttttttfftl 

STORAGE (2) 







D REGISTER 



OUTPUT 
DEVICE 



Figure 2-5. Oufput flow. 



3. The contents of the information buffer register are 
then transferred serially to the D register. 

4. The contents of the D register then pass serially 
through the adder to the output device. 



EXCEPTIONAL CONDITIONS 

1. The OVERFLOW Indicator may be turned on dur- 
ing the execution of several instructions (a list of 
them may be found on page 2-32) . 

2. In those operations which can manipulate partial- 
word fields, one must have specified sL, the partial- 
word boundaries. If L>s+1, s^^O, the partial-word 
will extend beyond the sign-digit position of the 
word. In this case field overflow is said to have oc- 
curred. This condition is detected by the Data 
Processor and results in a Program Check ALARM 
STOP. 

3. If the low-order digit position of the IB, A, R, D, or 
B register contains a configuration equivalent to one 
of the decimal numbers 10 through 15, it will be 
sensed as an error. A Digit Check ALARM STOP 
will occur. 

4. If an attempt is made to have access to a location 
not in the storage package (a nonexistent address) 
in the system, a Storage ALARM STOP will occur. 
For example, suppose the system has 3000 words of 
storage. An attempt to have access to location 4500 
will produce the ALARM STOP. 

5. If a nonexistent operation code is sensed in the 
operation-code part of the C register, a Program 
Check ALARM STOP will occur. 

6. If a COMPARISON Indicator is "off" when it is 
interrogated (by a BRANCH, COMPARISON in- 
struction; see page 2-33, ff), a Program Check 
ALARM STOP will occur. 



OUTPUT FLOW 

Figure 2-5 shows the output flow. 

1. The address part of the C register is transferred in 
parallel to the E register to provide the address of 
the location from which will be taken the first word 
destined for output. The manner in which the con- 
tents of the E register are counted up or down for 
successive output words varies with the instruction 
being executed: on the one hand (rC:04) may be 
counted up for each output word, after which it is 
transferred to rE; on the other hand, (rE) may be 
counted down. ( See the flow chart in the description 
of the appropriate Execute Phase for details.) 

2. The information is first transferred in parallel from 
storage to the information buffer register. 



THE EXECUTE PHASE 

The remainder of the Data Processor chapter is devoted 
to descriptions of the Execute Phase of each operation 
with which the Data Processor is concerned exclusively. 



HALT (HLT) 
Operation Code. 



00 



±1234567890 



±: 
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0,P 
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Instruction Format. 



Description of Operation. The Data Processor stops, ready 
to fetch the next instruction in sequence. The RUN indi- 
cator light is turned off. 



2-6 



The Data Processor 



Flow Chart. 



^ 

6 



CLEAR rE, rIB. 

TURN OFF RUN INDICATOR-LIGHT. 
STOP COMPUTER OPERATION. 
OPERATION COMPLETE. 



Exceptional Conditions. None. 
Remarks. 

1. Although the address field is not used for addressing 
purposes, B-register address-modification will occur 
if it is specified. No Storage ALARM STOP, due to 
use of a nonexistent address, can occur, however. 

2. If the Data Processor senses an unassigned operation 
code at the beginning of the Execute Phase, an 
ALARM STOP will occur; the Data Processor will 
stop with the PROGRAM CHECK alarm-indicator 
light on. 

Register Status. 



Register 
name 


Contents after execution 
of HALT 


A 
R 
n 

B 
P 
C 
E 


Un 
Un 

Un 
Crl 


changed 
changed 


^ ^ : : : In n 1 : : : : 


changed 

*)b + 1 




i , i , i ,i 





B[iiii] 


Cle 


ared 



NO OPERATION (NOP! 
Operation Code. 01 



Instruction Format. 
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0^ 



hi. 



Description of Operation. Perform no operation: at the 
time the operation code is sensed at the beginning of the 
Execute Phase, the execution is complete; the Data Proc- 
essor proceeds to fetch the next instruction. 

Flow Chart. 

Q CLEAR rE, rIB. 

O OPERATION COMPLETE. 



Exceptional Conditions. None. 

Remarks. Although the address field is not relevant to the 
execution of this instruction, B-register address-modifica- 
tion will occur if it is specified. No Storage ALARM 
STOP, due to use of a nonexistent address, can occur, 
however. 

Register Status. 



Register 
name 


Contents after execution 
of NOP 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




zh 


i,i,i,i 


0,1 


i ,i ,i ,i 


Unchanged 

(rP)b + 1 




i ii ,i,i 


0,1 


^Briiiii 


Cleared 



CLEAR, ADD (CAD) 

CLEAR, ADD ABSOLUTE (CAA) 

Operation Code. 10 

Instruction Format. 



iiixL 



0^ 



S^^^ 



Definitions. 

v: variation designator: 

V = 0: CLEAR, ADD will be executed, 

v = 1 : CLEAR, ADD ABSOLUTE will be exe- 
cuted, 
aaaa: address of base of location of augend. 

Description of Operation. 

V = 0: (B[aaaa]) replaces (rA). 

V = 1: i(B[aaaa])| replaces (rA). 

Flow Chart. See page 2-8. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. 

1. The CLEAR, ADD variation will be selected for exe- 
cution if V =7^ 1. 

2. CAD loads the A register with a word exactly as the 
word appears in storage. 
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(Biaaaa])— ^rlB. 




V = 
(CAD) 



SET D SIGN-INDICATOR EQUAL TO 

(rlB:±1)/r. 

CLEAR (rlB:±l)/l. 

ADJUST SUBTRACT INDICATOR. 

ADJUST RESULT SIGN INDICATOR. 



V = 1 
(CAA) 



t 



(rA) + (rIB)— »-rA. 
(rJB)— »-rD. 



t 



(rA) + (rIB) — ^rA. 
(rIB)— ^rD. 



RESTORE (rD;±l)/l. 

SET (rA:±1)/l TO 
SIGN OF RESULT. 

OPERATION COMPLETE. 



(B[aaaa]: ± 1) 


(rA:: 


±l)a 


CAA 


CAD 











1 


1 





2 


2 


2 


3 


3 
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4 


4 


4 


5 


5 


4 


6 


6 


6 


7 


7 


6 


8 


8 


8 


9 


9 


8 



Register Statui 



Register 
name 


Contents after 
execution of CAD 


A 


(B[aaaa]) 


R 


Unchanged 


D 


(B[aaaa]) 


B 


Unchanged 


P 
C 
E 


(rP)h + 1 






i .i ,i 





I.O 


B[aaaa] 




B[ 


laaa] 





Register 
name 


Contents after 
execution of CAA 


A 


|(B[aaaa])| 


R 


Unchanged 


D 


(B[aaaa]) 


B 


Unchanged 


P 
C 

E 


(rP)b + 1 
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1 


1 


|B[aaaa] 




B[ 


=iaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Cleared 
Unchanged 




rb 


^'.^ 


V 


1,0 


a a a 


a 


Un 

(rl 

(B 


changed 

^)„ + 1 




^ i . ' 


V 


',0 


|B[paa] 


[aaaa]) 
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'i\' 


V 


0,P 
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CLEAR, SUBTRACT (CSU) 

CLEAR, SUBTRACT ABSOLUTE (CSA) 

Operation Code. 11 

±1234567890 
Instruction Format. 

Definitions. 

v: variation designator: 

V = 0: CLEAR. SUBTRACT will be executed. 

V = 1: CLEAR, SUBTRACT ABSOLUTE will 

be executed. 

aaaa: address of base of location of subtrahend. 
Description of Operation. 

V = 0: (B[aaaa] I replaces (rA). 

V = 1: I ( B[aaaa] ) I replaces (rA). 

Flow Chart. See page 2-9. 

Exceptional Conditions. Storage ALARM STOP. 

Remarks. 

1. The CLEAR, SUBTRACT variation will be executed 
if v^l. 
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CLEAR rE, rIB. 



CLEAR rA. 



(rC:04) = Siaaaal » rE. 

SET RESULT SIGN-INDICATOR AND 

SUBTRACT INDICATOR EQUAL TO 1. 



(B[aaaal)— ^rlB. 



X 



STORAGE 
ALARM STOP. 



\j oci D SiGN-iNDiCATC 
(rlB:±l)'l. 

CLEAR (rlB:rl) 1. 

ADJUST RESULT SIGN-INDICATOR AND 
SUBTRACT INDICATOR. 



V = 

(CSU) 



(CSA) 



Q (rA) = (rlB). 
I (rlB)— ^rD. 



z 



o 



J: 



■A) = (rIB) 
IB)-^rD. 



RESTORE (rD:±l)/l. 

SET (rA:±l)/l TO 
SIGN OF RESULT. 

OPERATION COMPLETE. 



2. 



(B[aaaa]: ±1) 


(rA:±: 1)„ 


CSU 


CSA 


A 


]^ 


1 


1 





1 


2 


3 


3 


3 


2 


3 


4 


5 


5 


5 


4 


5 


6 


7 


7 


7 


6 


7 


8 


9 


9 


9 


8 
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Register Status. 



Register 
name 


Contents after 
execution of CSU 


A 


-(B[aaaa]) 


R 


Unchanged 


D 


(B[aaaa]) 


B 


Unchanged 


P 
C 
E 


OP), + 1 






i.i .J 





1 1 


B[aaaa] 




BU 


laaa] 





Register 
name 


Contents after 
execution of CSA 


A 


-t(Blaaaa])| 


R 


Unchanged 


D 


(B[aaaa] » 


B 


Unchanged 


P 
C 
E 


(rP)„ + 1 






' .' ,' 


1 


1.1 


BTaaaal 
1 -1 1 ' 




Bh 


laaa ] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Cleared 
Unchanged 




±: 


' .i >i 


V 


1 1 

1 


a a a 


a 


Unchanged 
(rP)„ + 1 






i i i 
1 1 


\ 


1 1 


,B[aaaal 


B[aaaa] 



±: 


1 2 3 


4 


5 6 


7 8 9 


±: 


■,',' 


V 


0,P 


a a a a 



ADD I ADD) 

ADD ABSOLUTE lADAl 

Operation Code. 12 

Instruction Formal. 

Definitions. 

v: variation designator: 

V = 0: ADD will be executed. 

V = 1: ADD ABSOLUTE will be executed, 
aaaa: address of base of location of augend. 

Description of Operation. 

V = 0: (rA) + (B[aaaa])^rA. 

v = l: (rA) + i(B[aaaa] )| ^ rA. 

Flow Chart. See page 2-10. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 
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CLEAR rE, rIB. 

SET A SIGN-INDICATOR EQUAL 
TO (rA:±l)/1. 

(rC:04) = B[aaaal— ^rE. 

CLEAR rA:±l. 



(B[aaaa]) — ^rlB. 



6 



STORAGE 
ALARM STOP. 



SET D SIGN-INDICATOR EQUAL 
TO (rlB:±l)/l. 

CLEAR rlB:±1. 

ADJUST SUBTRACT AND RESULT 
SIGN INDICATORS. 



V = V = 1 
(ADD) (ADA) 



A) + (rlB)- 
rD. 



xAv (rAj -1- (r 
Y (rlB) — 



(rA) + (rIB) — ♦tA. 
-rD. 



J 



6 



?(rA) + (r 
(rlB)—r 



ADJUST OVERFLOW INDICATOR. 
RESTORE (rD:±1)/l. 
SET (rA:±l)/l EQUAL 
TO SIGN OF RESULT. 

OPERATION COMPLETE. 



Remarks. 

1. The ADD variation will be e.xecuted if v =7^ 1. 

2. The execution of both of these instructions can cause 
arithmetic overflow, in which case the OVERFLOW 
Indicator is set "on." 

3. If the result of an ADD or ADA instruction is zero, 
the sign of the result is the same as the one-bit of 
the sign digit in the A register before execution of 
the instruction. 

Register Status. 



Register 
name 


Contents after 
execution of ADD 


A 


(rA)h + B[aaaa]) 


R 


Unchanged 


D 


(B[aaaa])* 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






i ,i .i 





1 2 


B[aaaa] 




B[^ 


jaaa] 





Register 
name 


Contents after 
execution of ADA 


A 
R 


(rA)„ + lB[aaaa] ) 
Unchanged 



D 


(B[aaaa] ) 


K- 








B 


Unchanged 






P 
C 
E 


(rP),, + 1 










i ,' ,i 


'1 


!i 2 
1 1 


B[aaaa] 
1 ■- 1 1 ^ 




B[< 


laaa] 









* {rD:±l)/2 = (rD:±ll/4 = (rD:±l)/8 -= 0: 

(rD:±l)/l = (Bfaaaal: ±1)/1; (rD:00) = (BTaaaahOO) 



Register 
name 



Contents if Storage 
ALARM STOP occurs 



R 
D 
B 
P 
C 
E 



(rA:±l) =0; (rA:00)a 
(rA:00)„ 

Unchanged 



dr 


'^' ^' 


V 


1,2 


a a a a 
t 1 1 



Unchanged 
(rP)„ + 1 



' .^ 1^ 


V 


1,2 


Bfaaaal 
1 "^ 1 1 ' 



B[aaaa]) 



SUBTRACT I SUB) 

SUBTRACT ABSOLUTE <SUA) 

Operation Code. 13 

±1234567890 
Instruction Format. 



±: 


' 1^ 1^ 


V 


0,P 


a ^a ^a ^a 



Definitions. 

v: variation designator: 

V = 0: SUBTRACT will be executed. 

V = 1 : SUBTRACT ABSOLUTE will be exe- 

cuted, 
aaaa : address of base of location of subtrahend. 

Description of Operation. 

V = 0: (rA) - (B[aaaa]) -^ rA. 

V = 1: (rA) - |(B[aaaa])|-> rA. 

Flow Chart. See page 2-11. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. 

1. The SUBTRACT variation will be executed if v =?t 1. 

2. The execution of both of these instructions can cause 
arithmetic overflow, in which case the OVERFLOW 
Indicator is set "on." 
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CLEAR rE, rIB. 

SET A SIGN-INDICATOR EQUAL 
TO (rA:±1)/l. 

(rC:04) = B[aaaa]— ^rE. 

SET SUBTRACT INDICATOR. 
CLEAR rA:±l. 



fB[aaaa11— »>rlB. 



STORAGE 
ALARM STOP. 



z 



I 



V = 

(SUB) 



SET D SIGN-INDICATOR EQUAL 
TO (rlB:±1)/1. 

CLEAR rlB:±l. 

ADJUST SUBTRACT AND RESULT 
SIGN INDICATORS. 



V = 1 
(SUA) 



(rA) - (rIB)— rA. 
(rIB)— -rD. 



Q (^A) - (rIB) —r 



6 



(rlB)- 



ADJUST OVERFLOW INDICATOR. 
RESTORE (rD:±l)/1. 

SET (rA:±l)/l EQUAL 
TO SIGN OF RESULT. 

OPERATION COMPLETE. 



3. If the result of a SUB or SUA instruction is zero, 
the sign of the result is the same as the one-bit of 
the sign digit in the A register before execution of 
the instruction. 

Tioiri Qtor StntiiQ 



Register 
name 


Contents after 
execution of SUB 


A 


(rA)„ - (B[aaaa] ) 


R 


Unchanged 


D 


(B[aaaa])* 


B 


Unchanged 


P 
C 

E 


(rP)„ + 1 






i .i .i 





1 3 

1 


B[aaaa] 




B[. 


laaa] 





Register 
name 


Contents after 
execution of SUA 




A 


(rA)h - ](B[aaaa])| 




R 


Unchanged 




D 


(B[aaaa])* 




B 


Unchanged 





P 
C 
E 


(rP)b + 1 












i i i 
1 1 


1 


1.3 


Bfaaaa] 
1 "^1 1 -■ 




B[< 


laaa] 







Register 
name 


Contents if Storage 

At ADIUI CT^>0 .-...-. 


A 
R 

D 
B 

P 
C 
E 


(rA: ± l)a = 0; (rA:00)a = (rA:00) 
Unchanged 




± 


: iVi^ 


V 


1,3 


a ,a,a ,a 


Unchanged 

(rP)„ + 1 




i .i .i 


V 


1,3 


B[aaaa] 




(B[ 


aaaa]) 



±: 


12 3 4 


5 6 


7 8 9 


=t 


'^\' ,' 


0,P 


a 1 a ^a ^ a 



MULTIPLY (MUD 
Orteration Code. 14 

Instruction Format. 



Definitions. 

aaaa: address of base of location of multiplicand. 

Description of Operation. 'I'he twenty-digit-lpng algebraic 
product, the contents of B[aaaa] multipHed by the con- 
tents of the A register, is generated. The ten low-order 
digits of the product replace the contents of the R regis- 
ter; the ten high-order digits of the product replace the 
contents of the A register. The sign of the product is in-' 
serted in the sign-digit position in both the A and R 
registers. 

Flow Chart. See page 2-12. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. Execution time for MULTIPLY — exclusive of 
fetch time — is a function of the magnitude of the multi- 
plier, (rA)b. It may be calculated from the following 
formula: 

T = 90 + 52 Mk ixs. 



frD:±l)/2 = (rD:±l)/4 = (rD:±l)/8 = 0; 
frD:±ll/l = <B[aaaa]:±l)/l: (rD:00) = (B[aaaa] :00l. 



where 

Mk = 1 

Mk= 13 [(rA:kl)] + l 

Mk= 13[(ll-(rA:kl)] 

Hence, the following table : 



if (rA:kl) = 

if 1 < (rA:kl) < 5 
if6< (rA:kl) <9 
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(rA:kl) 





1 


2 


3 


4 


5 


6 


7 


8 


9 


M, 


1 


U 


27 


40 


54 


66 


65 


52 


39 


26 



CLEAR rE, rIB. 

(rC:04) = B(aaaa]— ^rE. 

CLEAR rR. 

SET A SIGN-INDICATOR EQUAL 
TO (rA:±l)/1. 

CLEAR rA:±l. 



(B[aaaa]) — ^rlB. 



STORAGE 
ALARM STOP. 



6 
O 



(rA:00)— ^rR. 
(rIB)— ^rD. 

ADJUST RESULT SIGN-INDICATOR. 

SET D SIGN-INDICATOR EQUAL TO 
(rD:±l)/1. 

CLEAR rD:±l. 

(rR:00) X {rD:00): 

10 LOW-ORDER DIGITS -»- ""R: 
10 HIGH-ORDER DIGITS -* r A. 

SET A SIGN-INDICATOR, 
(rA:±l)/1 AND (rR:±l)'l 
TO SIGN OF RESULT. 

RESTORE {rD:±l)/l. 



Q OPERATION COMPLETE. 



Register Status. 



Register 
name 


Contents after 
execution of MUL 


A 


High-order digits of product 


R 


Low-order digits of product 
(rR:±l)a = (rA:±l), 


D 


(B[aaaa])* 


B 


Unchanged 


P 
C 
E 




(rP)b + 1 






i i i i 
I 1 < 


1 4 


|B[aaaa] 






B[aaaa] 





* (rD:±l)/2 = (rD:±l)/4 = (rD:±l)/8 - 0; 
(rD:±l)/l= (B[aaaa]:±l)/1; (rD:00) = (B[aaaaJ : 00) , 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 

R 
D 
B 


(rA:±l), = 0; (rA:00)a = (rArOO)^ 
Cleared 


±: i i i i 1 4 a a a a 
III 1 ill 


Unchanged 



P 

C 

E 


(rP)„ + 1 










i i i i 
1 1 1 


1 4 

I 


B[aaaa] 




B[ 


aaaa] 









^f; 


12 3 4 


5 6 


7 8 9 


± 


i i i i 
1 1 1 


0,P 


a 1 a 1 a 1 a 



DIVIDE (DIV) 
Operation Code. 15 

Instruction Format. 



Definitions. 

aaaa: address of base of location of divisor. 

Description of Operation. The dividend is the twenty- 
digit number whose high-order digits are. the contents 
of the A register and whose low-order digits are the con- 
tents of the R register. The sign of the A register is taken 
to be the sign of the dividend; the sign of the R register 
is not relevant. 

The divisor is the contents of B[aaaa]. 

Before the arithmetic process is begun, the absolute value 
of the divisor is compared with the absolute value of the 
contents of the A register. Then : 

1. If the absolute value of the divisor is greater than 
the absolute value of the contents of the A register, 
the process of division begins. The process termi- 
nates when a ten-digit quotient has been generated: 
The quotient, with sign, replaces the contents of the 
A register. The remainder replaces the contents of 
the R register; the sign of the remainder is the same 
as the sign of the dividend. On the other hand, 

2. If the absolute value of the divisor is less than or 
equal to the absolute value of the contents of the 
A register, the OVERFLOW Indicator will be set 
"on," and the execution of the DIVIDE instruction 
will terminate, leaving the contents of the A and R 
registers unaltered. Depending upon the setting of 
the Overflow mode (see page 2-37), the operation 
either will halt or continue in sequence. 

Flow Chart. See page 2-13. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. Execution time for DIVIDE — exclusive of fetch 
time — is a function of the magnitude of the quotient 
(rA)a, if overflow does not occur. It may be calculated 
from the following formula: 

T = 3895 + 602 [(rA:2k-f 1, l)a - (rA:2k, 0)a] /iS 

1;=0 

= 3895 + 60 [(rA:ll) - (rA:21) + (rA:31) - 
frA:41) + (rA:51) - (rA:61) + (rA:71) - 
(rA:81) + frA:91)-(rA:01)]. 
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Register Status. 



Register 
name 


Contents after 
execution of DIV 


A 


Quotient 


R 


Remainder 


D 


(B[aaaa])* 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






i.i.i.i 


1 5 


iB[aaaa] 




B[ 


aaaa] 





* (rD:±l)/2 = (rD:±l)/4 = (rD:±l)./8 = 0; 
(rD:±l)/l== (B[aaaa]:±l)/1; (rD:00) = (B[aaaaj:00) 



Register 


Contents if the OVERFLOW 


name 


Indicator is set "on" 


A 


One-bit (rA:±:l)a = one-bit 




(rA:±l)b 




other bits (rA:±)a = 




(rA:00)a = (rA:00)b 


R 


(rR:±l)a = (rA:±l)h 




(rR:00)a = (rR:00)h 


D 


(B[aaaa]) 


B 


Unchanged 


P 
C 
E 


(rP). + 1 






i 1 i 1 i 1 i 1^5 


Bfaaaa] 




B[ 


aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 

D 
B 
P 
C 
E 


(rA:d=l) -= 0; (rA:00)a = (rA:00)„ 

(rR:±l) = (rArihDh 
(rR:00)a = (rR:00)h 


±: 


i|i.i .i 1,5 


a 1 a 1 a 1 a 


Unchanged 

(rP), + 1 


i 1 i 1 i 1 i 1^5 |B[aaaa] 


B[aaaa] 



(B[aaaa])— »rlB. 



CLEAR rE, rIB. 

(rC:04) = B[aaaa]— ^rE. 
(rA:±l)--^rR:±l. 

SET A SIGN-INDICATOR EQUAL TO (rA:i:1)/l 
AND CLEAR rA:±l. 



z 



STORAGE 
ALARM STOP. 



ADJUST RESULT SIGN-INDICATOR. 

SET D SIGN-INDICATOR EQUAL TO 

(riD:±"i)/l. 

CLEAR rlB:±l. 

SET SUBTRACT INDICATOR. 



i 



(rA:0O) - (rlB:00) = A 
(rIB)— ^rD. 



ASO 



SET OVERFLOW INDICATOR "ON." 

(rA:±1)/l IS SET TO 
(rR:±l)/1. 

RESTORE (rD:±l)/l. 



I 



(rA, rR) t (rO): 
QUOTIENT— ^rA. 
RE/AAINDER— *-rR. 



SET (rA:±l)/l 

TO SIGN OF RESULT. 

RESTORE (rD:±1)/l. 



OPERATION COMPLETE. 



±: 


12 3 4 


5 6 


7 8 9 


zt 


^^^^ 


0,P 


i.i.i .i 



ROUND (RND) 
Operation Code. 16 

Instruction Format. 

Description of Operation. 



11 (rtt:iij <^, Clear rn. 

If (rR:ll) >5, |(rA) \ is increased by + 0000 00 0001. 

Then rR is cleared. 

Flow Chart. 



CLEAR rE, rIB. 

SET A SIGN-INDICATOR EQUAL TO 

(rA:±l)/l. 

CLEAR rA:±1. 



(rR:11)<5 I (rR:ll)>5 



3 



[(rA)] + 0000 00 0001 -^rA. 



Q CLEAR rR 

ADJUST ( 
RESTORE 

(^ OPERATION COMPLETE. 



ADJUST OVERFLOW INDICATOR. 
RESTORE (rA:±l)/l. 



Exceptional Conditions. None 

Remarks. 

1. The execution of this instruction can cause arith- 
metic overflow, in which case the OVERFLOW In- 
dicator is set to "on." 
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2. Although the address field is not relevant to the 
execution of this instruction, B-register address-mod- 
ification will occur if it is specified. No Storage 
ALARM STOP, due to use of a nonexistent address, 
can occur, however. 

Register Status. 



Register 
name 


Contents after 
execution of RND 


A 
R 
D 
B 
P 
C 
E 


(rA)b, rounded 
Cleared 




±: 


i.i.i.i 


1 6 


i .i. i 


i 


Un 


changed 

')b + 1 






i J .i .i 


1,6 


. Bliiii] 


Cle 


ared 



EXTRACT (EXT) 
Operation Code. 17 

Instruction Format. 



±123456 7 890 



11.11 

_l I L_ 



0^ 



a a a a 
I I I 



Definition. 

aaaa: Address of base of location of extractor. 

Description of Operation. Wherever the extractor — which 
is the contents of B[aaaa] — has an even digit, the cor- 
responding digit in rA is replaced by 0; wherever the ex- 
tractor has an odd digit, the corresponding digit in rA 
is not altered. 

Flow Chart. 

CLEAR rE, rIB. 

(rC:04) = B[aaaa] -^ rE. 



(Blaaaa])-*- rIB. 



STORAGE 
ALARM STOP. 



(rlB) -*- rD. 



(rD:01)/1=l (rD:01)/l=0 



z 



ALL DIGIT 



POSITIONS EXTRACTED. TO BE EXTRACTED. 



CIRCULATE (rA) AND (rD) ONE DIGIT- 
POSITION TO THE RIGHT. 



MORE DIGIT POSITION! 



z 



Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Register Status. 



Register 
name 


Contents after 
execution of EXT 


A 


See description of operation 


R 


Unchanged 


D 


(B[aaaa]) 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






i i i i 
i i 1 


1,7 


|B[aaaa] 




B[ 


aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




± 


i.^i.i 


1 7 

i 


a a a 


a 


Unchanged 

(rP)b + 1 






i.i.i .i 


1 7 

1 


,B[^aaa] 


B[ 


aaaa] 



COMPARE FIELD A (CFA) 
COMPARE FIELD R (CFR) 

Operation Code. 18 

±1234567890 
Instruction Format. 



±: 


s,L 


f 


V 


0,P 


aaaa 



OPERATION COMPLETE. 



Definitions. 

s: partial-word designator: 

f = 0: s is not relevant. 

f = 1: s designates the position, within the 
word, of the low-order digit of each partial-word 
operand. 

L: partial-word designator; 

f = 0: L is not relevant. 

f = 1: L specifies the number of digits in each 
partial-word operand. 
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f: field designator : 

f = 0: entire words will be used as operands, 
f = 1: the contents of the partial-word fields 
defined by digits s and L will be used as oper- 
ands. 

V : variation designator : 

V = 0: COMPARE FIELD A will be executed. 

V = 1: COMPARE FIELD R will be executed. 

aaaa: auuress oi base oi location oi comparator. 

Description of Operation, v = 0: COMPARE FIELD A 
will be executed. Compare the contents of the specified 
field in the A register with the corresponding field in 
B[aaaa]. According as the contents of the specified part 
of the A register are greater than, equal to, or less than, 
the corresponding part of B[aaaa], set the COMPARI- 
SON Indicator to HIGH, EQUAL, or LOW. 

V = 1: COMPARE FIELD R will be executed. 

Except that the R register is used, this variation is iden- 
tical with the one specified by v = 0. 

Flow Chart. 

O CLEAR rE, rIB. 

V/ \"—^-) Dioauuj =*-■■-. 

O CLEAR COMPARISON INDICATORS. 



(B[aaaa])— »-rlB. | | | STORAGE ALARM STOP. 

A (rIB)— . 
\J SET SU 



(rIB)— ^rD. 

SET SUBTRACT INDICATOR. 



Q(rA)-(rD)= A. Q(rR) 



TfTTTl-, 



(rD) =A., 



* 



A<0 |a = j A>0 



(rA:sL) - (rD:sL) () (rR:sL) 
= A. T - (rD.-sL) 

= A. 



SET COMPARISON 
INDICATOR LOW. 




(rC:21) = 0, 

f = 1; OR f = 0. 



SET COMPARISON 
INDICATOR EQUAL. 



s> 



SET COMPARISON 
INDICATOR HIGH. 



(rC:21)#0, 
f = 1. 



OPERATION COMPLETE. 



^ 



PROGRAM CHECK 
ALARM STOP.* 



*IF f = 1, AS EACH DIGIT OF THE PARTIAL- WORD DIFFERENCE IS GENERATED, 
L [i.e., {rC:21)] IS COUNTED DOWN. IF, AT THE START, L > s -H 1, s = 0, THEN 
AT THE END OF THE COMPARISON {rC:21) WILL BE DIFFERENT FROM ZERO, AND 
FIELD OVERFLOW WILL BE DETECTED. 



Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Program Check ALARM STOP due to field over- 
flow. 



Remarks. 

1. The COMPARE FIELD A variation will be executed 
if V 7^1. 

2. If f is an even integer, this has the same effect as 
f = 0; if f is an odd integer, this has the same 
effect as f = 1. 

3. a. If the sign-digit position of a word is not in- 

cluded in the field specified as operand, then the 
comparison may be considered to be made with 
respect to the absolute value of each operand. On 
the other hand, 

b. If the sign-digit position of a word is included in 
the field specified as operand, then the compar- 
ison is algebraic, in which case the contents of 
the sign-digit position are regarded as having the 
following order: 

3<2<1<0<7<6<5<4<8<9. 
Hence, 3 9999 99 9999 < . . . < 3 0000 00 0000 
< 2 9999 99 9999 < ... < 2 0000 00 0000 < 
1 9999 99 9999 <...<! 0000 00 0000 < 
0000 00 0000 < . . . < 9999 99 9999 < 

7 0000 00 0000 <...<? 9999 99 9999 < 
6 0000 00 0000 < . . . < 6 9999 99 9999 < 
5 0000 00 0000 < . . . < 5 9999 99 9999 < 
4 0000 00 0000 < . . . < 4 9999 99 9999 < 

8 0000 00 0000 < . . . < 8 9999 99 9999 < 

9 0000 00 0000 < . . . < 9 9999 99 9999. 

c. One consequence of the ordering described above 
is that the sign digit must never be included in 
a comparison field if that field is alphanumeric; 
otherwise, the inverse of the natural alphabetic 
order will be determined. 

d. A second consequence of the ordering described 
above is that + 0000 00 0000 > - 0000 00 
0000. 

4. The order relationships of the content of the sign- 
digit position were determined as follows: the prin- 
cipal requirement is that negative numbers shall 
precede positive numbers; hence, 1 < 0. A second 
requirement — sorting — is that alphanumeric infor- 
mation shall precede numeric; hence 2 < 1 < 0. 
The remaining order relationships are just by-prod- 
ucts of the way in which the required ordering of 
2, 1, and is achieved. The technique used is known 
as the "three's complement" method: the 1-bit and 
the 2-bit of the sign digit are complemented if, and 
only if, the 8-bit is 0. The results are displayed in 
the following table : 
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Decimal 

Digit in Sign 

Position 


Binary 
Represen- 
tation 


Three's 
Comple- 
mented 


Decimal 
Equivalent 
(= order) 


3 


0011 


0000 





2 


0010 


0001 


1 


1 


0001 


0010 


2 





0000 


0011 


3 


7 


0111 


0100 


4 


6 


Olio 


0101 


5 


5 


0101 


Olio 


6 


4 


0100 


0111 


7 


8 


1000 


1000 


8 


9 


1001 


1001 


9 



Register Status. 



Register 
name 


Contents after execution 
of either CFA or CFR 


A 


Unchanged 


R 


Unchanged 


D 


(B[aaaa] ) 


B 


Unchanged 


P 
C 
E 




(rP)h + 1 








1 


f 


V 


1 ,« 


B[aaaa] 






3[aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 

B 
P 
C 
E 


Unchanged 
Unchanged 




+ 


s L 


f 


V 


18 


a a a , 


a 


Un( 
(rF 


changed 

')„ + 1 






s.L 


f 


V 


1 8 


B[aaaa] 


B[. 


laaa] 



Register 
name 


Contents after Program 
Check ALARM STOP occurs 


A 
R 
D 


Unchanged 
Unchanged 

(B[aaaa]) 



B 
P 
C 
E 




Unchanged 

(rP), + 1 












* 
1 


f 


V 


1 8 


B[aaa^] 






B[aaaa] 







* L — s — 1 

ADD TO LOCATION (ADL) 
Operation Code. 19 

±1234 5 67890 



Instruction Format. 



1111 
I I I 



O.P 



a a a .a 



Definition. 

aaaa : address of base of location of augend. 

Description of Operation. (rA) + (B[aaaa]) -> B 
[aaaa]. 

Flow Chart. 



CLEAR rE, rIB. 

(rC:04) = B(aaaol -»-rE. 

SET A SIGN-INDICATOR EQUAL 
TO (rA:±l)/1. 

CLEAR rA:±1. 



(B[aaaa]) — »>rlB. 



STORAGE 
ALARM STOP. 



(rIB) -*- rD. 

SET D SIGN-INDICATOR EQUAL 
TO (rD:±1)/1. 

ADJUST SUBTRACT INDICATOR. 

CLEAR rD:±l. 



0(rA)-l-(rD)-^rD. 
(rA) + (rD) -^rlB. 



(rA) -I- (rD) ■ 

ADJUST OVERFLOW INDICATOR. 

SET (rD:±-l)/1 AND (rlB:±1)/1 
TO SIGN OF RESULT. 

SET(rA:±l)/l EQUAL 
TO A SIGN-INDKATOR. 

(rlB)—»-B[ aaaa J. 
OPERATION COMPLETE. 



Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. 

1. The execution of this instruction can cause arith- 
metic overflow, in which case the OVERFLOW In- 
dicator is set to "on." 

2. The arithmetic operation of ADL is essentially the 
same as that of ADD. 
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Register Status. 



Flow Chart. 



Register 
name 


Contents after 
execution of ADL 


A 


Unchanged* 


R 


Unchanged 


D 


(rA)b + (B[aaaa]) 


B 


Unchanged 


P 
C 

E 


(rP)„ + 1 






i.i.i .i 


1 9 


B[aaaa] 
1 '-1 1 -■ 




B[aaaa] 





Except that f rA : ± 1 ) /2 = CrA : ± 1 > /4 - CrA : ± 1 1 /8 - 0. 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 


(rA:±i:) = 0, (rA:00)a = 
(rA:00)i, 




R 
D 
B 


Unchanged 






±: 


i i i i 
1 1 1 


1 9 

1 


a a a 
1 ■ 1 


a 


Un 


changed 




p 
C 
E 


(rl 


')■„ + 1 






i i i i 
1 1 1 


1 9 


B[aaaa] 


B['. 


laaa] 



INCREASE B, BRANCH (IBB) 

Operation Code. 20 

±1234567890 



Instruction Format. 



n n n n 
I I I 



0^ 



a a a a 
I I I 



Definitions. 

nnnn: modifier for the contents of the B register. 

aaaa: address of base of location containing alternate 
instruction. 

Description of Operation. Increase (rB) by nnnn. If no 
overflow occurs, set (rP) = B[aaaa] (i.e., prepare to 
branch to location containing alternate instruction) ; if 
overflow occurs, control continues in sequence. Overflow 
of the B register does not set the OVERFLOW Indicator 



CLEAR rE, rIB. 

rB) + (rC:44) — »^B. 



OVERFLOW. 



NO 
OVERFLOW. 



^ 



(rC:04) — ^rP. 



z 



OPERATION COMPLETE. 



Exceptional Conditions. None. 

Remarks. The following statement embodies a method for 
determining whether branching will occur: if (rB)a > 
(rB),„ branching will occur; if (rB)a < (rB)b, control 
continues in sequence. 

Register Status. 



Register 
name 


Contents after 
execution of IBB 


A 
R 
D 
B 

P 

C 
E 


Unchanged 
Unchanged 




± 


nnnn 
1 1 1 


2 


aaaa 
1 1 1 


Low-order digits oi sum, 
S = (rB)h + nnnn 

(rP)„ + 1, if S > 9999 (overflow^ 
B[aaaa], if S < 9999 (no overflow 


) 




nnnn 
1 1 1 


2 

1 


^B[aaaa] 




Cleared 





Examples. 
I. 



2. 



(rP)„ = 


0412 


(rB)„ = 


9984 


(rC) - 


0001 20 0396 


(rB)a = 


9985 


(rP)a = 


0396 




(Branch; no overflow) 


(rP)h = 


0412 


(rB),= 


9997 


(rC) = 


0005 20 0396 


(rB)a = 


0002 


(rP)a = 


0413 




(No branch; overflow) 
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DECREASE B, BRANCH (DBB) 

Operation Code. 21 

±1234567890 
Instruction Format. 



n n n . n 
I I I 



0^ 



a a a a 
1 _i I 



Definitions. 

nnnn: modifier for the contents of the B register. 

aaaa: address of base of location containing ahernate 
instruction. 

Description of Operation. Decrease ( rB ) by nnnn. If no 
underflow occurs set (rP) ~ B[aaaa] (i.e., prepare to 
branch to location containing alternate instruction) ; if 
underflow occurs, control continues in sequence. 

Flow Chart. 



Examples. 



1. 


(rP)„ 


= 


0412 




(rB)„ 


= 


0006 




(rC) 


= 


0002 21 0396 




(rB), 


= 


0004 




(rP)a 


^^ 


0396 
(Branch; no underflow.) 


2. 


(rP)„ 


= 


0412 




CrB),, 


= 


0002 




(rC) 


= 


0005 21 0396 




(rB), 


== 


9997 




(rP), 




0413 
(No branch; underflow.) 



CLEAR rE, rIB. 
(rB) -(rC=44) 



UNDERFLOW. 



NO 
UNDERFLOW 



z 




(rC:04) — ^rP. 



OPERATION COMPLETE. 



*WHEN UNDERFLOW DOES OCCUR, THE COMPLEMENT OF THE ALGEBRAIC 
DIFFERENCE (rB) - (rC:44), WILL APPEAR IN rB. 



Exceptional Conditions. None. 

Remarks. The following statement embodies a method for 
determining whether branching will occur: if (rB)a < 
(rB)b, branching will occur; if (rB)a > (rB)i„ control 
continues in sequence. 



Register Status. 



Register 
name 


Contents after 
execution of DBB 


A 
R 
D 
B 

P 

C 
E 


Unchanged 
Unchanged 




+ 


nnnn 
1 1 1 


2 1 

1 




a 


Lov 

|] 

(rB 
B[a 


v-order digits of D = 
rBi,| — [nnnn I 

)h + 1, if underflow 
aaa], if no underflow 






nnnn 
1 1 1 


2 1 


B[aaaa] 


Cle 


ared 



FLOATING ADD (FAD) 
FLOATING ADD ABSOLUTE (FAA) 
Operation Code. 22 

Instruction Format. 



Definitions. 

n: normalizin"; limiter. 



± 


1 2 3 


4 


5 6 


7 8 9 


^- 


n i i 
1 1 


V 


O.P 


aaa a 



v: variation designator: 

V = 0: FLOATING ADD will be executed. 

V = 1 : FLOATING ADD ABSOLUTE will be 
executed. 

aaaa: address of base of location of augend. 

Description of Operation. Both variations treat the oper- 
ands like floating-point numbers: 

V == 0: (rAl + (B[aaaa]) -^ rA. 
v=l: (rA) + ^(B[aaaa])' -> rA. 

Let m be the number of digit positions through which the 
sum is shifted to obtain the sum in normalized form. If 
m > n, the Data Processor will halt at the end of the 
Execute Phase, n = 8, 9, or (where means 10) is 
meaningless and irrelevant. 



Flow Chart. See page 2-19. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. 

1. The FLOATING ADD variation will be selected for 
execution if v r^^ 1. 

2. The execution of these instructions can cause arith- 
metic overflow, in which case the OVERFLOW In- 
dicator will be turned "on." Arithmetic overflow 
occurs when the machine-coded exponent exceeds 99. 
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3. If the result of a FAD or FAA instruction is zero, 
the A register — which will contain the sum — is 
cleared. Hence, a zero sum has the form + 00 0000 
0000, that is, X 10"^°. 

4. In adjusting the exponents so that addition can take 
place, low-order digits of one of the operands — the 
one whose exponent is smaller — are lost. Rounding 
does not occur; that is, the highest -order digit dis- 
carded is not examined to determine whether the 
low-order digit retained should be increased by 1. 



5. During the normalization process the number of 
digit positions, m, through which the sum is to be 
shifted is determined. If m > n, n 7^ 8, "9, or 0, 
where n is the normalizing limiter, then (rC:ll)a 
= 10 - (m - n) ; if m = n, (rC:ll)a = 0. If n 
= 8, 9, orO, (rC:ll)a = 0. 

After normalization, if (rC:ll) =?^ 0, the Single Step 
Toggle (SST) will be turned on. Whenever SST is turned 
on, the Data Processor will stop at the end of the cycle — 
Fetch Phase or Execute Phase — and wait for a signal to 
resume (automatic) operation. 



CLEAR rE, rIB. 

(rA:91)-»-{rA:01) 

SET SUBTRACT INDICATOR ON. 

(rC:04) = B[aaaa]— ^rE. 



STORAGE 
ALARM STOP. 



©- 



(B[aaaa])-^rlB. 
CLEAR rA:±l. 



(rlB) — ^ rD. 

ADJUST SIGN AND 
SUBTRACT INDICATORS. 

CLEAR rD:±l. 

(rA:22) — ^Ax. 
(rD:22) -^Dx. 

CLEAR rA:22. 
CLEAR rD:22. 



(Ax) > (Dx) 



(Ax) = (Dx) 



(Ax) < (Dx) 



X 



© 



(rD) 



(Dx) + 1-^Dx 

(rD:91)-^rD:01 
(rD:81)-^rD:91 



(rD:±l)-^rD:ll 
SET (rD:±l) = 0. 



(rD) 7^ 



J 



(rA) = (rA) ^ 



(Ax) + 1-^Ax 

(rA:91)_^rA:01 
(rA:81)-^rA:91 



{rA:±l)*-rA:ll 
SET (rA:±l) = 0. 



Q (Ax)-^rA:22 



^ 



A (Dx)-i- 
KJ (Ax)-i^ 



6 



SET (rA:±1)/T 
EQUAL TO SIGN 
OF RESULT. 
OPERATION 
COMPLETE. 



(Dx)-^rD:22 
(Ax)-^rA:22 

SET (rD:±l)/1 
EQUAL TO SIGN 
OF RESULT. 

(rD)-^rA 
CLEAR rD:±1. 



OPERATION 
COMPLETE. 



(rA) + (rD)— -rA. 

DECOMPLEMENT RESULT, 
IF NECESSARY. 



(rA:21) = 



(rA:2 1)7^0 
(Ax) < 99 



(rA:21)#0 
(Ax) = 99 



^ 5 



(rA:31)^0 



&■ 



i 



(Ax) + 1 — ^Ax 

(rA:91)— ^rA:01 
(rA:81)— ^rA:91 



(rA:±l)-^rA-.n 

SET (rA:±l)= 0. 

DETERMINE IF NORMAL- 
IZING LIMITER IS 
EXCEEDED. 



SET OVERFLOW 
INDICATOR ON. 



OPERATION 
COMPLETE. 



_1 



NORAAALIZING 

LIMITER 

EXCEEDED. 

SET SINGLE STEP 
TOGGLE ON. 



(rA:31) = 
(Ax) = 00 



(rA:31) = 
(Ax) ¥= 



^ 



TALLY 
= 8 



(Ax) - 1 — ►Ax 

(rA:n) — rA:±l 
(rA:21) — rA:n 



(rA:01) — rA:91 
(rA:±l) — rA:01 



TALLY 

7^8 



O (*^' — ' 



6 



\ (Ax) ►rA:22 

(Dx)^rD:22 

SET {rA:±l)/l 
EQUAL TO SIGN 
OF RESULT. 

OPERATION 
COMPLETE. 



CLEAR rA. 
(UNDERFLOW) 



OPERATION COMPLETE. 
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Register Status. 



Register 
name 


Contents after 
execution of FAD 


A 
R 
D 
B 
P 
C 
E 


(rA)b + (B[aaaa]) 
Unchanged 







1 

1 










L?nchanged 

(rP)„ + 1 









i i 

1 





2 2 


B[aaaa] 




B[aaaa] 



Register 
name 


Contents after 
execution of FAA 


A 
R 
D 
B 
P 
C 
E 


(rA)„ + (B[aaaa]) 
Unchanged 







1 


0,0 

1 1 1 1 1 1 





Un 

(rl 


changed 

^)b + 1 









' ^' 


1 


2 2 

1 


B[aaaa] 


B[ 


aaaa] 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 




Unchanged 
Unchanged 






±: 


n 


i i 

1 


V 


2 2 


a a a 
1 1 1 


4 




Unchanged 

(rP)h + 1 






" 


i i 

1 


V 


2 2 


BTaaaa] 
1 ■- 1 1 J 


B[aaaa] 



Register 
name 


Contents if OVERFLOW 
Indicator is "on" 


A 
R 
D 


Unnormalized sum without exponent 

Unchanged 

Cleared 



B 
P 
C 
E 




Unchangec 

(rP)b + 


1 










n 


i i 

1 


V 


2 2 

1 


Bfaaaa] 






B[aaaa] 







Register 
name 


Contents if HALT 
occurs 


A 
R 
D 
B 
P 
C 
E 


Nomalized sum 
Unchanged 







1 

1 


^0 ^0,0 ,0,0 ,0,0 


Unchanged 

(rP)„ + 1 






* 


\^ 


V 


2 2 


B[aaaa] 
1 •- 1 1 J 




B[ 


aaaa] 





± 


n 


i i 
1 


V 


0,P 


aaaa 
1 1 1 



*10- (m -n). 

FLOATING SUBTRACT (FSU) 
FLOATING SUBTRACT ABSOLUTE (FSA) 
Operation Code. 23 

. ^ ±1234567890 

Instruction Format. 

Definitions. 

n: normalizing limiter. 

v: variation designator: 

V = 0: FLOATING SUBTRACT will be exe- 
cuted. 

V = 1 : FLOATING SUBTRACT ABSOLUTE 
will be executed. 

aaaa: address of base of location of subtrahend. 

Description of Operation. Both variations treat the oper- 
ands like floating-point numbers: 

V = 0: (rA) - (B[aaaa]) -^ rA. 

V = 1: (rA) - |(B[aaaa])| -^ rA. 

Let m be the number of digit positions through which 
the difference is shifted to obtain the difference in normal- 
ized form. If m > n, the Data Processor will halt at the 
end of the Execute Phase, n = 8, 9, or (where means 
10) is meaningless and irrelevant. 

Flow Chart. See page 2-21. 

Exceptional Conditions. ALARM STOP due to use of a 
nonexistent address. 
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STORAGE f 

ALARM STOP. [ 




(£>■ 



CLEAR rE, rIB. 

SET A SIGN-INDICATOR 

= {rA:±l)/l. 

(rA:91)-»-(rA:01). 

I (B[aaaa])— »>rlB. 
I CLEAR rA:±l. 



(rIB)— — rD. 

ADJUST SIGN AND 
SUBTRACT INDICATORS. 



CLEAR rD:±1. 

(rA:22)-*-Ax. 
{rD:22) — Dx. 

CLEAR rA:22. 
CLEAR rD:22. 



(Ax) > (Dx) (Ax) = (Dx) (Ax) < (Dx) 



© 



© 



J 



(rA:21) = 
1^ 



\U 



(rA) — (rD) — -rA. 

DECOMPLEMENT RESULT, 
IF NECESSARY. 



(rA:21)9^0 
(Ax) < 99 



(rA:21) ¥= 
(Ax) = 99 






(rA:91) ^rA:01 
(rA:81) — rA:91 



6 




(rA:±1) — rArll 

SET (rA:±l) = 0. 

DETERMINE IF NORMAL- 
IZING LIMITER IS 
EXCEEDED. 

NORAAALIZING 

LIMITER 

EXCEEDED. 

SET SINGLE STEP 
TOGGLE ON. 



SET OVERFLOW 
INDICATOR ON. 



, J SET OV 
V-/ INDICAl 

/\ OPERAT 
\y COMPLI 



OPERATION 
COMPLETE. 



(Dx) + 1 — ^Dx 

(rD:91)— ^rD:01 
(rD:81)— ^rD:91 



(rD:±l)-^rD:ll 
SET (rD:±1) = 0. 



(rD) = (rD) # 



¥ 



(rA) 



(Ax) + 1 — ^Ax 

(rA:91)-^rA:01 
(rA:81)— ^rA:91 



(rA:±l)-»-rA:n 
SET (rA:±l) = 0. 



(rA) ¥= 



Q (Ax)-^rA:22 



1 







6 



SET (rA:±l)/l 
EQUAL TO SIGN 
OF RESULT. 

OPERATION 
COMPLETE. 



(Dx)— *-rD:22 
(Ax) -^rA:22 

SET (rD:±l)/l 
EQUAL TO SIGN 
OF RESULT. 

(rD)— ^rA 
CLEAR rD:±1. 

OPERATION 
COMPLETE. 



Remarks. 

1. The FLOATING SUBTRACT variation will be se- 
lected for execution if v 7^ 1. 

2. The execution of these instructions can cause arith- 
metic overflow, in which case the OVERFLOW In- 
dicator will be turned "on." Arithmetic overflow 
occurs when the machine-coded exponent exceeds 99. 



(rA:3 1)7^0 



(!> 



(rA:31) = 
(Ax) = 00 



(rA:31) = 
(Ax) #00 



Q) (Ax) - 1 — ^Ax 

rrA.m — ^rA. + l 
(rA!2lj-— rA:11 



(rA:01)— ^rA:91 
(rA:±l)-^rA:01 

TALLY 1 



TALLY 

7^8 







6 



(Ax). 
(Dx)- 



tA:22 
rD:22 



SET (rA:±l)/l 
EQUAL TO SIGN 
OF RESULT. 

OPERATION 
COMPLETE. 



CLEAR rA. 
(UNDERFLOW) 



OPERATION COMPLETE. 



3. If the result of a FSU or FSA instruction is zero, 
the A register — which will contain the difference — 
is cleared. Hence, a zero difference has the form 
+ 00 0000 0000, that is X lO"'". 

4. In adjusting the exponents so that subtraction can 
take place, low-order digits of one of the operands — 
the one whose exponent is smaller — are lost. Round- 
ing does not occur; that is, the highest-order digit 
lost is not examined to determine whether the low- 
order digit retained should be increased by 1. 
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5. During the normalization process the number of 
digit positions, m, through which the difference is 
to be shifted is determined. If m > n, n^ 8, 9, or 
0, where n is the normalizing limiter, then (rC:ll)a 
= 10 - (m - n); if m = n, (rC:ll)a = 0. 
If n = 8, 9, or 0, (rC:ll)a = 0. 

After normalization, if (rC:ll) ^ 0, the Single Step 
Toggle (SST) will be turned "on." Whenever SST is 
turned on, the Data Processor will stop at the end of the 
cycle — Fetch Phase or Execute Phase — and wait for a 
signal to resume (automatic) operation. 

Register Status. 



Register 
name 


Contents after 
execution of FSU 


A 
R 
D 
B 
P 
C 
E 


(rA)b - |(B[aaaa])| 
Unchanged 







1 


0.0.0,0.0.0.0. 





Un 
(rl 


changed 

^)b + 1 









' ,^ 





2 3 

1 


B[aaaa] 


B[ 


aaaa] 



Register 
name 


Contents after 
execution of FSA 


A 
R 
D 
B 
P 
C 
E 


(rA)h - (B[aaaa]) 
Unchanged 







1.0 


,0 


Un 
(rl 


changed 

^). + 1 









' i^ 


1 


2,3 


B[aaaa] 




B[ 


aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 

B 
P 


Unchanged 
Unchanged 




rt 


n 


i i V 

1 


2 3 a a a a 

1 III 


Un 

(rl 


char 


igec 

-f 


i 
1 







c 

E 


















n 


'i' 


V 


2,3 


B[aaaa] 




B[ 


aaaa] 









Register 
name 


Contents if OVERFLOW 
Indicator is "on" 


A 


Unnormalized difference 
without exponent 




R 


Unchanged 




D 


Cleared 




B 


Unchanged 




P 
C 
E 


(rP)b + 1 






n 


i i 

1 


V 


2,3 


Bfaaaa] 
1 ■- 1 1 J 


B[ 


aaaa] 


Register 
name 


Contents if HALT 
occurs 


A 


Normalized difference 




R 
D 
B 




Unchanged 









1 , 


0,0,0,0,0,0,0, 







Unchanged 




P 

C 
E 


(rl 


*)b + 1 






* 


i i 


V 


2 3 

L 


B[aaaa] 




B[. 


laaa] 



FLOATING MULTIPLY (FMU) 
Operation Code. 24 

±1234567890 



Instruction Format. 



O.P 



aaaa 



Definition. 

aaaa: address of base of location of multiplicand. 

Description of Operation. This instruction treats the op- 
erands like floating-point numbers: 

The floating-point product, (rA) X (B[aaaa]), is gen- 
erated. The two-digit exponent and the eight high-order 
digits of the product's mantissa replace the contents of 
the A register. The seven or eight low-order digits of the 
product's mantissa are inserted in the high-order end of 
the R register with the three or two low-order digit posi- 
tions of the R register set to zero. The sign of the product 
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is inserted in the sign-digit position in both the A and 
R registers. 

Flow Chart, 



O 



STORAGE 
ALARM STOP. 



CLEAR rE, rIB. 

(rC:04) = B[aaaa]— ^rE. 
CLEAR rR AND rA:±l. 

SET RESULT SIGN-INDICATOR 
EQUAL TO (rA!±1)/l. 



5 



(B[aaaa])— •- rIB. 
(rIB)— •-rD. 



(rA:31)^0 

AND 
(rD:31 ^ 



(rA:31) = 

OR 
(rD:31) = 



CLEAR rA AND rR. 
(PRODUCT = 0) 



OPERATION COMPLETE. 



ADJUST RESULT 
SIGN-INDICATOR. 



(rA:11) 



frA:11) = 

AND 
(Ax) -/ 00 



(rA:11) = 
AND 

(Ax) = 00 



6 



NORMALIZE PRODUCT: 
SHIFT (rA, rR) TWO 
PLACES TO THE 
RIGHT. 



SET (rA:12) = 00. 



5 



6 



NORMALIZE PROD- 
UCT: SHIFT 
(rA, rR) ONE 
PLACE TO THE 
RIGHT. 

SET (rA:±1) =0. 
(Ax) - 1— •-Ax 



Q (Ax) — rA=22 



6 



SET (rA:±1)/1 AND 
(rR:±l)/l TO RESULT 
SIGN-INDICATOR. 

OPERATION COMPLETE. 



CLEAR rA. 
CLEAR rR. 
(UNDERFLOW) 

CLEAR RESULT 
SIGN-INDI- 
CATOR. 



CLEAR rD:±l. 

frA:221— •-Ax 
(rD:22J — •-Dx 

CLEAR rA:22 
CLEAR rD:22 



© 



(rA:01) -•- rR:91 
(rA:91) -•-rRrSl 



(rA:31)-^-rR:21 

SHIFT AND CIRCULATE 
(rD) TWO PLACES LEFT. 

SHIFT (rR) ONE PLACE 
TO THE RIGHT. 



(Ax) -I- (Dx) - 50 -•- Ax. 



(Ax) < 00 I 00 ^ (Ax) ^ 99 | (Ax) > 99 



z 



o 



CLEAR rA. 
CLEAR rR. 
(UNDERFLOW) 

OPERATION 
COMPLETE. 



6 



6 



SET OVERFLOW 
INDICATOR ON. 



OPERATION 
COMPLETE. 







(rR:08) X (rD) -•- rA, rR. 
(THIS IS THE SAME OPERATION 
AS IN THE FIXED POINT MULTI- 
PLICATION CYCLE, EXCEPT THAT 
THE MACHINE DECIMAL POINT IN 
rR iS BETWEEN rR:21 AND rR:31.) 

CLEAR rA:±l. 



Exceptional Conditions -. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. "Spurious exponent overflow" can occur in case ex- 
ponent arithmetic — which takes place before the 
mantissas are multiplied — yields 100 for the ad- 
justed sum of the exponents of (rA) and (B[aaaa]) : 
if the adjusted sum of these exponents is 100, the 
OVERFLOW Indicator is turned "on," even though 
normalization of the product might yield a valid ex- 
ponent, namely, 99, and the Execute Phase is ter- 
minated. 

For example, suppose (rA) = 75 1000 0000 = 
(aaaa) ; the instruction is 0000 FMU aaaa. The 
execution of this instruction should yield (rA) = 
99 1000 0000. Instead, the OVERFLOW Indicator 
is turned "on." 

Remarks. 

1. Exponent overflow can occur, in which case the 
OVERFLOW Indicator is turned "on." 

2. Exponent underflow causes both the A and R regis- 
ters to be cleared, but is not otherwise indicated. 

3. In case the mantissa of either operand is not nor- 
malized — in which case at least one of (rA:31) and 
(rD:31) is — it is assumed that the product will 
be zero. The operation is terminated as soon as this 
condition is determined to exist — 85 ^as are required 
— with the A and R registers cleared. 
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4. In normalizing the product, the A and R registers 
are shifted together one or two places to the right 
(see flow chart). Hence, the R register will contain 
either seven or eight low-order digits of the prod- 
uct's mantissa. It is not possible to predict which will 
be the case unless one knows the magnitudes of the 
multiplier and multiplicand. 

Register Status. 



Register 
name 


Contents after 
execution of FMU 


A 


Exponent and eight high-order 
digits of product 


R 


Low-order digits of product as 
described 


D 


(B[aaaa])* 


B 


Unchanged 


P 
C 
E 


(rP), + 1 


i , i , i , i 2^4 B[aaaa] 


B[aaaa] 



* However, (rD:±l) = 0; that is, the sign digit of the multipli- 
cand may not be restored. 



Register 
name 


Contents if Storage 
ALARM STOP occurs. 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




■±^ 


i .i .i. i 


2 4 


a a a 
1 1 1 


a 


1 


Jnchanged 

(rP)b + 1 






i .S i .i 


2 4 


B[aaaa] 


] 


B[ 


aaaa] 



Register 
name 


Contents if (exponent) 

overflow occurs during 

exponent arithmetic 


A 


Cleared 


R 


(rR:23) = 000; (rR:08)a 
= (rR:08)h 


D 


(rD:±l) = 0; (rD:88)a = 
(rD:08)„; (rD:02:) = 00 


B 


Unchanged 



P 

c 

E 


(rP)b + 1 






i ,i , i .i 


2 4 
1 


^[paaa] 


(B[aaaa]) 



Register 
name 


Contents if (exponent) 
underflow occurs 


A 


Cleared 


R 


Cleared 


D 


(rD:23) = 000; (rD:86)a 
= (rD:0.6)b; (rD:02) = 00 


B 


Unchanged 


P 
C 

E 


(rP)b + 1 


i , i , i , i 2^4 B[aaa^] 


(B[aaaa]) 



FLOATING DIVIDE (FDV) 
Operation Code. 25 

±1234567890 



Instruction Format. 



■.'■■ 



0^ 



aaaa 
I 1 I 



Definition. 

aaaa: address of base of location of divisor. 

Description of Operation. This instruction treats the oper- 
ands like floating-point numbers: 

Dividend: Exponent is (rA:22) ; high-order digits of 
mantisaa are (rA:08), low-order digits of mantissa are 
(rR:88). 

Divisor : ( B [aaaa] ) . 

Quotient: Exponent is (rA:22) ; high-order digits of 
mantissa are (rA:08) ; low-order digit (s) of mantissa is 
(are) (rR:ll) [(rR:22)]. 

Remainder: The low-order digit positions of the R 
register. 

Flow Chart. See page 2-25. 

Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. "Spurious exponent underflow" can occur in case 
exponent arithmetic — which takes place before the 
mantissas are divided — yields the equivalent of —01 
for the adjusted difference of the exponents of (rA) 
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STORAGE 
ALARM STOP. 



CLEAR rE, rIB. 



(rC:04) = B[aaaal— ».rE. 

SET RESULT SIGN-INDICATOR 
EQUAL TO (rA:±l)/l. 



CLEAR rA:±l. 

(B[aaaa]) — k-rlB. 



7; 



ADJUST RESULT 
SIGN-INDICATOR. 



Z 



6 



(rA:31) = 

AND 
(rD:31)#0 



(rA:3 1)7^0 

AND 
(rD:31)#0 



(rD:31) = 



CLEAR rA. 
CLEAR rR. 
(QUOTIENT = 0) 

OPERATION 
COMPLETE. 



6 



6 



SET OVERFLOW 
INDICATOR ON. 
(DIVISOR = 0) 

OPERATION 
COMPLETE. 



6 



© 



(rA:22)-*-Ax 
(rD:22)— ^Dx 

CLEAR rA:22. 
CLEAR rD:22. 
CLEAR rD:±1. 







(Ax) -I- 50 - (Dx)— »-Ax 



(Ax) ^00 I 00 ^ (Ax) : 99 j (Ax) > ' 



6 



6 



CLEAR rA. 
CLEAR rR. 
(UNDERFLOW) 

OPERATION 
COMPLETE. 



Q SHIFT (rA, rR) 
^^ ONE PLACE TO 
THE RIGHT.* 



1 



(rA, rR) -^ (rD): 
QUOTIENT—* 
REMAINDER — 



rA 
-rR 



SET OVERFLOW 
INDICATOR ON. 



OPERATION 
COMPLETE. 



(rA:!!) = 



(rA:ll)---0 

AND 
(Ax) < 99 



3 



(rA:!!)7^0 

AND 
(Ax) = 99 



NORAAALIZE QUOTIENT: 
SHIFT (rA, rR) ONE 
PLACE TO THE RIGHT.* 



(Ax) + !— .- 



SET OVERFLOW 
INDICATOR ON. 



OPERATION 
COMPLETE. 



(^ (Ax)— *.rA:22 
>^ (Dx)— ^rD:22 

SET (rA:±!)/! TO 
RESULT SIGN-INDICATOR. 

Q OPERATION COMPLETE. 



Ax 



NORMALIZE QUOTIENT: 
SHIFT (rA, rR) TWO 
PLACES TO THE RIGHT.' 



* Exponent adjustment is made at the end of the operation if required. 
**Then (rR:!l) is the low-order digit of the quotient. 
**Then (rR:22) ore the two low-order digits of the quotient. 



and (B[aaaa]) : if the adjusted difference of these 
exponents is —01, the A and R registers are cleared, 
and the Execute Phase is terminated, even though 
normalization of the quotient might yield a valid ex- 
ponent, namely, 00. 

For example, suppose (rA) = 00 1000 0000 and 
(aaaa) = 51 1000 0000; the instruction is 0000 
FDV aaaa. The execution of this instruction should yield 
Kin.} — u uu iuuu uuuu (since me aivisor is unity). 
Instead, the A and R registers are cleared. 

Remarks. 

1. Exponent overflow can occur, in which case the 
OVERFLOW Indicator is turned "on." 

2. Exponent underflow causes both the A and R regis- 
ters to be cleared, but is not otherwise indicated. 

3. In case the mantissa of the dividend is not normal- 
ized — in which case (rA:31) = — but the man- 
tissa of the divisor is normalized — in which case 
(rD:31) =7^ — it is assumed that the quotient will 
be zero. The operation is terminated as soon as this 
condition is determined to exist — 85 fxs are required 
— with the A and R registers cleared. 

4. In case the divisor is not normalized — in which case 
(rD:31) = — it is assumed that the divisor is zero: 
the operation is terminated as soon as this condition 
is determined to exist — 85 fis are required — with the 
OVERFLOW Indicator turned "on." 

Register Status. 



Register 
name 


Contents after 
execution of FDV 


A 


Quotient 


R 


"Remainder" 


D 


(rD:23) = 000; 

(rD:08) = (B[aaaa]:08) 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






i.^i. i 


2,5 


B[aaaa] 




B[ 


aaaa] 





Register 
name 


Contents after Storage 
ALARM STOP 


A 
R 
D 


Unchanged 
Unchanged 




± 


i.i.i.i 


2,5 


a. a ,a.a 
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Register 
name 


Contents after Storage 
ALARM STOP 


B 
P 
C 
E 


Unchanged 

(rP). + 1 


i 1 i , i , i 2^5 B[aaaa] 


B[aaaa] 



Register 
name 


Contents if underflow occurs 
after exponent arithmetic 


A 


Cleared 


R 


Unchanged 


D 


(rD:23) = 000 

(rD:08) = (B[aaaa]: 08) 


B 


Unchanged 


P 
C 
E 


(rP)„ + 1 






J, i. i. i 


2,5 


BTaaaa] 




B[ 


aaaa] 





Register 
name 


Contents if dividend = 0, 
divisor ^ 


A 


Cleared 


R 


Cleared 


D 


B[aaaa] 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






i i i i 


2 5 


Bfaaaa] 




B[ 


aaaa] 





INCREASE FIELD LOCATION (IFL) 
Operation Code. 26 

±1234567890 
Instruction Format. 



L 



n n 
I 



0^ 



aaaa 
I I I 



Definitions. 

s: partial-word designator: 

s designates the position, within the word, of the 
low-order digit of the partial-word operand. 

L: partial-word designator: 

L specifies the number of digits in the partial- 
word operand. 

nn: modifier for the partial-word operand. 

aaaa: address of base of location of partial-word add- 
end. 

Description of Operation. Increase (B[aaaa]: sL) by nn. 
If overflow occurs — that is, if the result exceeds the ca- 
pacity of the specified partial-word field — set the OVER- 
FLOW Indicator to "on." 

Flow Chart. 



CLEAR rE, rIB. 

(rC:04) = B [ aaaa ]-*-rE. 



(B[aaaa])— »-rlB. 



STORAGE 
ALARM STOP. 



(rC:2\)=0 (rO21)^0 



(rIB)— ^rD. 

(rD:sL) + nn— *-rD:sL. 

(rD)-^rlB. 

ADJUST OVERFLOW INDICATOR. 



6 (^' 

o o 



IB) -♦-B(aaaa]. 
OPERATION COMPLETE. 



1 



PROGRAM CHECK 
ALARM STOP.* 



Register 
name 


Contents if 
divisor = 


A 


(rA: ± 1) = 
(rA:00)a = (rA:00), 


R 


Unchanged 


D 


B[aaaa] 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






i.i. i. i 


2 5 


B[aaaa] 




B[ 


aaaa] 





*As each digit of the partial-word sum is generated, L [i.e., (rC:21)l is counted down. 
If, at the start, L>s-I- l,Sv^O, then at the end of the addition (rC:21) will be 
different from zero, and field overflow will be detected. See Example 6, page 2 - 27 - 



Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Program Check ALARM STOP due to field over- 
flow. 

Remarks. If the sign-digit position of (B[aaaa]) is in- 
cluded in the partial-word field specified by sL, it does 
not have sign significance: the sign-digit position has nu- 
meric significance. See Examples 4, 5, and 6, page 2-27. 
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Register Status. 



Register 


Contents after 


name 


execution of IFL 


A 


Unchanged 


R 


Unchanged 


D 


(B[aaaa])a 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






0.0 


n n 


2 6 


B[aaaa] 




B[ 


aaaa] 





L - 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




zt 


s,L 


n n 


2 6 


a^a a 


^ 


Un 
(rl 


changed 

")b + 1 






s L 


n n 


2^6 _ B[aaaa] 


B[ 


aaaa] 



Register 
name 


Contents if Program 
Check ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


(B[aaaa])b, as modified 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






0.* 


n n 

1 


2 6 


B[aaaa] 




(B 


[aaaa] ) 





Examples. 






1. (rC) 


= 


0202 26 0396 


(0396) b 


= -f 


0000 00 0012 


(rD)a= (0396) a 


= + 


0000 00 0014 


2. (rC) 


= 


6314 26 0416 


(0416) b 


= — 


2973 43 9216 


(rD)a= (0416) a 


= — 


2973 57 9216 



(rC) = 6220 26 0534 

(0534) b = + 0002 90 2400 

(rD)a = (0534) a - + 0002 10 2400 

OVERFLOW Indicator is set "on." 



4. (rC) 
(0600)b 
(rD)a = (0600) a = 

5. (rC) 
(0657) b = 
(rD)a= (0657)a = 

OVERFLOW Indicator is set "on." 

6. (rC) = 2530 26 0900 
(0900) b = 8429 90 5432 
(rD)a =1 1429 90 5432 



3412 26 0600 
1 2490 00 9000 

1 2610 00 9000 

1232 26 0657 
9 5236 47 

2 7236 47 



Program Check ALARM STOP. 



(rC)a 



7. (rC) 
(0963) b 
(rD)a= (0963), 

8. (rC) 
(2440) b 
(rD)a= (2440), 

9. (rC) 
(4000) b 
(rD)a= (4000), 



= + 
= + 



0230 26 0900 

0104 26 0963 
1123 87 0003 
1123 87 0007 

6122 26 2440 
0000 81 0000 
0000 83 0000 

4115 26 4000 
1125 99 9999 
1120 99 9999 



OVERFLOW Indicator is set "on. 



(3000) b 

(rD)a= (3000)a =- 



1233 00 2914 
1233 00 2914 



DECREASE FIELD LOCATION (DEL) 

Operation Code. 27 

±1234567890 
Instruction Format. 



±: 


s L 

1 


n n 


O.P 


a ^a . a ^ a 



Definitions. 

s : partial-word designator : 

s designates the position, within the word, of the 
low-order digit of the partial-word operand. 

L: partial -word designator: 

L specifies the number of digits in the partial- 
word operand. 

nn : modifier for the partial-word operand. 

aaaa: address of base of location of partial-word minu- 
end. 

Description of Operation. Decrease (B[aaaa] : sL) by nn. 
If overflow occurs — that is, if (B[aaaa]: sL)a > 
(B[aaaa]: sL)b— set the REPEAT Indicator to "off"; if 
not, set the REPEAT Indicator to "on." 
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Flow Chart. 



CLEAR rE, rIB. 

SET SUBTRACT INDICATOR. 

SET REPEAT INDICATOR TO "OFF.' 

(rC:04) = B[aaaa]— •-rE. 



(B[aaao])— ^rlB. 



STORAGE 
ALARM STOP. 



(rIB)— ^rO. 

(rD:5L) - nn — ^rD:$L. 

(rD) — ^rlB. 



NO UNDERFLOW UNDERFLOW 



i 



SET REPEAT INDICATOR 
TO "ON." 




(rC:21) = 0J {tC:21)7^0 



(rIB)— »-B[aaaal 
OPERATION COMPLETE. 



I 



PROGRAM 
CHECK 
ALARM 
STOP.* 



*Ai each digit of <ho partial-worcl difference is generated, L [i.e., {rC:21)J is counted 
down. If, at the ttart, L > s + 1, s 7* 0, then at the end of the subfraction (rC:21) will be 
different from zero, ond field overflow will be detected. See Example 6, page 2 - 29 • 

Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Program Check ALARM STOP due to field over- 
flow. 

Remarks. 

1. If the sign-digit position of (B[aaaa]) is included 
in the partial-word field specified by sL, it does not 
have sign significance: the sign-digit position has 
numeric significance. See Examples 5 and 6, page 
2-29. 

2. It is not necessary to follow this instruction immedi- 
ately with a BRANCH, REPEAT instruction. See 
page 2-32. 



Register Status 




Register 
name 


Contents after 
execution of DFL 


A 


Unchanged 


R 


Unchanged 


D 


(B [aaaa]) a 


B 


Unchanged 


P 


(rP)b + 1 



C 
E 
















0.0 


n n 


2 7 

1 


B [aaaa] 
1 "-1 1 ^ 




B[ 


aaaa] 







Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




± 


s,L 


n n 


2 7 


a. a, a, 


a 


Unchanged 

(rP)b + 1 






s,L 


n n 


2 7 


^B[aaaa] 


B[ 


aaaa] 



Register 
name 


Contents if Program 
Check ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


(B[aaaa])b, as modified 


B 


Unchanged 


P 
C 
E 


{rP)b + 1 






* 

1 


n n 


2,7 


B[aaaa] 




B[ 


aaaa] 





Examples. 










I. 


(rC) 




= 


0202 


27 0396 




(0396) 


b 


= + 


0000 


00 0012 




(rD)a^ 


= (0396), 


= + 


0000 00 0010 






REPEAT Indicator 


is set ' 


on." 


2. 


(rC) 




= 


6314 27 0416 




(0416) 


b 


= — 


2973 


43 9216 




(rD)a 


= (0416), 


= - 


2973 


29 9216 






REPEAT Ii 


idicator 


is set ' 


on." 


3. 


(rC) 




= 


6220 27 0534 




(0534) 


b 


= + 


0002 


10 2400 




(rD),: 


= (0534) a 


= + 


0002 


90 2400 






REPEAT Indicator 


is set " 


off." 


4. 


(rC) 




= 


3412 


27 0600 




(0600) 


b 


= 1 


2490 00 9000 



(rD)a = (0600) a = 1 2370 00 9000 
REPEAT Indicator is set "on." 
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(rC) 
(0657) b 
(rD)a= (0657), 



1232 27 0657 
= 5236 47 8888 
= 7 3236 47 8888 



REPEAT Indicator is set "off." 
(rC) = 2530 27 0900 

(0900) b = 8429 90 5432 

(rD)a = (0900) a = 5429 90 5432 

REPEAT Indicator is set "on." 
Program Check ALARM STOP. 

(rC)a = 0230 27 0900 



7. ( 



rC) 
(0900) b 
(rD)a= (0900) 



= + 



0400 27 0900 
2345 67 1212 
2345 67 1212 



± 


s,L 


n,n 


0,P 


a. a. a. a 



REPEAT Indicator is set "on." 

DECREASE FIELD LOCATION, LOAD B (DLB) 
Operation Code. 28 

±1234567890 
Instruction Format. 

De 'initions. 

s : partial-word designator : 

s designates the location, within the word, of 
the low-order digit of the partial-word operand. 

L: partial- word designator : 

L specifies the number of digits in the partial- 
word operand. 

nn : modifier for the partial-word operand. 

aaaa: address of base of location of partial -word oper- 
and. 

Description of Operation. Execute DEL, and, in addition, 
load rB with modified partial-word field. That is, decrease 
(B[aaaa]:sL) by nn. If underflow occurs, set the RE- 
PEAT Indicator to "off;" if not, set the REPEAT Indi- 
cator to "on." Then load rB with the modified partial- 
word field. 

Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Program Check ALARM STOP due to field over- 
flow. 

Remarks. 

1. If the sign-digit position of (B[aaaa]) is included 
in the partial-word field specified by sL, it does not 
have sign significance: the sign-digit position has 
numeric significance. See Examples 5 and 6, page 
2-30. 



2. The examples for DEL will suffice to explain a large 
part of DLB, The reader is referred to page 2-28. 
Light is shed on the mechanism of the "load B" part 
of the operation by the examples on page 2-30, 

Flow Chart. 



CLEAR rE, rIB. 

SET SUBTRACT INDICATOR. 
SET REPEAT INDICATOR TO "OFF.' 
-rE. 



(B[aaaa]] 



(rC:04) = B[aaaa]. 

CLEAR rB. 
STORAGE 
ALARM STOP. 



(rlB)->^rD. 

(rD:sL) — nn— ^rD:sL. 
(rD:sL) — nn— »-rB.* 

(rD)-»-rlB. 




NO 



UNDERFLOW UNDERFLOW 



SET REPEAT INDICATOR 
TO "ON." 



,, — yi j y^i'-i) 



(rIB)— »-B[aaaa]. 
OPERATION COMPLETE. 



^ 



PROGRAM CHECK 
ALARM STOP.** 



*lf L < 4, the L high-order digits of (rD:sL) — nn replaces the L high-order digits 
ot rB; It L < 4, the tour high-order digits ot (rD:sLJ — nn replace all ot rB. 

**As each digit of the partial-word difference is generated, L [i.e., (rC:21)] is 
counted down. If, at the start, L>s-I- 1, Sv^O, then at the end of the 
subtraction (rC:21) will be different from zero, and field overflow will be 
detected. See Examples 5 and 6, page 2 —30 • 



Register Status. 



Register 
name 


Contents after 
execution of DLB 


A 


Unchanged 


R 


Unchanged 


D 


(B [aaaa]) a 


B 


See description of operation 


P 
C 
E 


(rP)b + 1 








I 


n n 

1 


2 8 

1 


B[aaaa] 




B[ 


aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 


Unchanged 
Unchanged 



2-29 



The Data Processor 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


D 
B 
P 
C 
E 










±: 


s,L 


n n 


2,8 


a a a 


a 


Unchanged 

(rP)b + 1 






s,L 


n n 


2,8 


B[aaaa] 


B[ 


aaaa] 



5. (rC) 


= 


2420 28 0790 


(0790),, 


= 


1 3540 44 2345 


(rD)a 


= 


1 1540 44 2345 


(rB)a 


= 


1 150 


REPEAT Ii 


idicat 


or is set "on." 


Program Check ALARM STOP. 


6. (rC) 


= 


1310 28 2040 


(2040),, 


= 


5998 74 0000 


(rD)a 


= 


9 5998 74 0000 


(rB)a 


= 


9 500 



REPEAT Indicator is set "off." 
Program Check ALARM STOP. 



Register 
name 


Contents if Program 
Check ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


(B[aaaa]),„ as modified 


B 


See description of operation 


P 
C 
E 


(rP)h + 1 






0,* 


n n 


2 8 


B[aaaa] 




B[ 


aaaa] 





L - s - 1 



Examples. 



iNUi 

DEL 


t,: bee 


1. 


(rC) 




(0496) 




(rD)a 




(rB)a 


2. 


(rC) 




(0516) 




(rD)a 




(rB)a 


3. 


(rC) 




(0634) 




(rD)a 




(rB)a 


4. 


(rC) 




(0700) 




(rD)a 




(rB)a 



also Examples, page 2-28, which elucidate 

0402 28 0496 

„ = + 1223 49 0148 

= (0496) a = + 1223 49 0146 

= 0146 

REPEAT Indicator is set "on." 

8205 28 0516 
b =- - 3946 25 2014 

= (0516) a = - 3946 25 1514 

1500 

REPEAT Indicator is set "on." 

= 3310 28 0634 

b = + 0050 40 2222 

= (0634) a = + 9950 40 2222 
9950 

REPEAT Indicator is set "off." 

= 6650 28 0700 

b = - 1255 00 9753 

= (0700) a = - 1254 50 9753 
1254 

REPEAT Indicator is set "on." 



RECORD TRANSFER (RTF) 

Operation Code. 29 

±1234567890 
Instruction Format. 



± 


i 


n n 


i 


0,P 


aaaa 



Definitions. 

nn: specifies the number of words to be relocated: if 
nn = 00, 100 words will be relocated. 

aaaa: address of base of location of first word to be 
relocated. 

Description of Operation. Relocate the contents of nn 
consecutively addressed locations, beginning with the one 
whose address is B[aaaa]. Transfer the specified words, 
in succession, and one at a time, to the nn consecutively 
addressed locations, beginning with the one whose ad- 
dress is in the B register. 

Flow Chart. 



CLEAR rE, rIB. 



[( rE )] -^rlB. 
(rC:04) + 1 -»- rC:04. 



(rlB)-*- LOCATION 
WHOSE ADDRESS IS 

(rE). 



{rC:04) -*rE. 
(rC:32) - 1 -^rC:32 



J 



STORAGE 
ALARM STOP. 



(rB)-^rE. 
(rB) + 1— »-rB. 



(rC:32) = 00 (rC:32) # 00 



STORAGE 
ALARM STOP. 



Q OPERATION COMPLETE. 



T, 



CLEAR rE. 
CLEAR rIB. 
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Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. After the execution of a RECORD TRANSFER 
operation, the B register will contain the sum of the ad- 
dress of the last location filled plus 1, that is, the address 
of "the next location to be filled." 

Register Status. 



Flow Chart. 



Register 
name 


Contents after 
execution of RTF 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




± 


i 


n n 


i 


2,9 


a a a 


a a 
1 1 


(rl 

(r] 


3)b + nn* 

P)b + 1 






i 


00 


i 


2,9 


B[aaaa] + 


nn** 


(rl 


B)„ + nn - 1* 





Note: if nn = 00, 

**B[aaaa] + nn = B[aaaa] + 100 



(rB )b + 99 



CLEAR rE, rIB. 

(rC:04) = B[aaaa] — ^rP. 

OPERATION COMPLETE. 



Exceptional Conditions. None. 
Register Status. 



Register 
name 


Contents after 
execution of BUN 


A 
R 
D 

B 
P 

C 

E 


Unchanged 
Unchanged 




±: 


i i i i 


3 





a a ,a 


a 


Unchanged 
B[aaaa] 






i i^.i .i 


3 


B[aaaa] 


Cleared 



Register 
name 


Contents after Storage 
ALARM STOP 


A 


Unchanged 




R 
D 
B 


Unchanged 






rb 


i 


n n 


i 


2 9 


a a, a 


a 


Inc 


leterminate*** 




P 


(rP)„ + 1 




C 


Indeterminate*** 




E 


Indeterminate*** 





See description of operation 



BRANCH, OVERFLOW (BOF) 
Operation Code. 31 



Instruction Format. 



' •' •' i' 



2x1 



a a a a 



Definitions. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. If the OVERFLOW Indicator is 
"on," transfer control to location B[aaaa], i.e., prepare 
to take the next instruction from B[aaaa]. If the OVER- 
FLOW Indicator is "off," control continues in sequence. 
(See page 2-37 for the use of the BOF instruction in con- 
junction with the SOR, SOH, and lOM instructions.) 



BRANCH, UNCONDITIONALLY (BUN) 
Operation Code. 30 

±12345 67890 



Instruction Format. 



1.1 1 1 
— I I I 



0^ 



aaaa 
i I i_ 



Definitions. 

aaaa: address of base of location of next instruction. 

Description of Operation. Transfer control to location 
B[aaaa], i.e., prepare to take the next instruction from 
B[aaaa]. 



Flow Chart. 



i 



CLEAR rE, rIB. 



OVERFLOW OVERFLOW 

INDICATOR "ON." INDICATOR "OFF.' 



O (rC:04) = B[aaaa]— ^rP. 

SET OVERFLOW INDICATOR 
"OFF." 



6 



OPERATION COMPLETE. 



Exceptional Conditions. None. 
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Remarks. The OVERFLOW Indicator may be set "on" by 
the following operations: 



Flow Chart. 



Code 
08 
12 
12 
13 
13 
15 
16 
19 
22 
22 
23 
23 
24 
25 
26 
Register Status. 



Name 
KEYBOARD ADD 
ADD 

ADD ABSOLUTE 
SUBTRACT 

SUBTRACT ABSOLUTE 
DIVIDE 
ROUND 

ADD TO LOCATION 
FLOATING ADD 
FLOATING ADD ABSOLUTE 
FLOATING SUBTRACT 
FLOATING SUBTRACT ABSOLUTE 
FLOATING MULTIPLY 
FLOATING DIVIDE 
INCREASE FIELD LOCATION 



Register 
name 


Contents after 
execution of BOF 


A 
R 
D 
B 
P 

C 
E 




Unchanged 
Unchanged 




i. i| i, i 


3.1 


a ,a ,a, a 




Unchanged 

B[aaaa], if OVERFLOW Indicator 
"on"; (rP)„ + 1, if OVERFLOW 
Indicator "Off" 




i . ^i , J 


3 1 


B[aaaa] 






Cleared 





BRANCH, REPEAT (BRP) 
Operation Code. 32 

Instruction Format. 



±: 


12 3 4 


5 6 


7 8 9 


± 


i i i i 

1 1 1 


0,P 


a a a a 
1 1 1 



Definitions. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. If the REPEAT Indicator is 
"on," transfer control to location B[aaaa], i.e., prepare 
to take the next instruction from B[aaaa]. If the RE- 
PEAT Indicator is "off," control continues in sequence. 



i 



CLEAR rE, rIB. 



REPEAT REPEAT 

INDICATOR "ON." INDICATOR "OFF.' 



t 



(rC:04) = B[aaaa] — ^rP. 



z 



OPERATION COMPLETE. 



Exceptional Conditions. None. 
Remarks. 

1. The state of the REPEAT Indicator is not disturbed 
by the execution of a BRANCH, REPEAT instruc- 
tion. 

2. The REPEAT Indicator may be set "on" by the fol- 
lowing operations: 



Code 

27 
28 

Register Status. 



Name 

DECREASE FIELD LOCATION 

DECREASE FIELD LOCATION, 
LOAD B 



Register 
name 


Contents after 
execution of BRP 


A 
R 
D 
B 
P 




Unchanged 
Unchanged 




:±2 


i i i i 1 3 2 

1 1 1 1 1 


aaaa 

1 1 1 




Unchanged 

B[aaaa], if REPEAT Indicator " 
(rP)„ + 1, if REPEAT Indi- 
cator "off" 


on' 


C 




i, i| i ,i 


n 


3 2 

1 


B[aaaa] 




E 




Cleared 





BRANCH, SIGN A fBSA) 

Operation Code. 33 

±1234567890 
Instruction Format. 



±2 


' iS^ 


n 


0,P 


aaaa 
1 1 1 



Definitions. 

n: comparison digit. 

aaaa: address of base of location of alternate instruc- 
tion. 
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Description of Operation. If (rA:±:l) = n, transfer con- 
trol to location B[aaaa], i.e., prepare to take the next 
instruction from B[aaaa]. If (rA:±:l) 7^ n, control con- 
tinues in sequence. 

Flow Chart. 

Q CLEAR rE, rIB. 

(2) SET SUBTRACT INDICATOR. 

O (rA:±l) - (rG:41) = A 



A = Av^O 



^ 



(rC:04) = B[aaaa]— ^rP. 



Z 



OPERATION COMPLETE. 



Exceptional Conditions. None. 
Register Status. 



Register 


Contents after 




name 


execution of BSA 




A 


Unchanged 




R 
D 
B 




Unchanged 






± 


i i i 

1 1 


n 


3 3 


a a a 

1 1 


a 




Unchanged 




P 


B[aaaa], if (rA:±l) = n 




C 
E 




/'„D^ _i_ 1 It /'_A._i_i\ ../ _ 






i. i. i 


n 


3 3 


B[aaaa] 




Cleared 



BRANCH, COMPARISON HIGH (BCH) 

BRANCH, COMPARISON LOW (BCL) 

Operation Code. 34 

±1234567890 
Instruction Format. 



±: 


i i i 

1 1 


V 


0,P 


a a a a 



Definitions. 

V : variation designator : 

V = 0: BRANCH, COMPARISON HIGH will be 

executed. 

V = 1: BRANCH, COMPARISON LOW will be 

executed. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. 

V = 0: BRANCH, COMPARISON HIGH will be exe- 
cuted. If the COMPARISON Indicator is HIGH, transfer 



control to location B[aaaa], i.e., prepare to take the next 
instruction from B[aaaa]. If the COMPARISON Indi- 
cator is LOW or EQUAL, control continues iti sequence. 

V = 1: BRANCH, COMPARISON LOW will be executed. 
If the COMPARISON Indicator is LOW, transfer control 
to location B[aaaa]. If the COMPARISON Indicator is 
HIGH or EQUAL, control continues in sequence. 



r lOiV K^rmTi. 



COMPARISON 
X-\ INDICATOR 
HIGH. 



i 



CLEAR rE, rIB. 



V = 
(BCH) 



V = 1 
(BCL) 



COMPARISON 
INDICATOR 
LOW OR EQUAL 



COMPARISON 

INDICATOR 

CLEARED. 



^ 



(rC:04) = B[aaaa] ■ 



7 



I 



PROGRAM CHECK 
ALARM STOP. 



OPERATION COMPLETE. 



COMPARISON 

INDICATOR 

LOW. 



COMPARISON 
INDICATOR 
HIGH OR EQUAL. 



COMPARISON 

INDICATOR 

CLEARED. 



t 



(rC:04) = Blaaaal— ^rP. 



J 



J 



PROGRAM CHECK 
ALARM STOP. 



OPERATION COMPLETE. 



Exceptional Conditions. Program Check ALARM STOP 
caused by COMPARISON Indicator being "off" when 
interrogated. 

Remarks. 

1. The BRANCH, COMPARISON HIGH variation 
will be executed if v =7^ 1, 

2. The state of the COMPARISON Indicator is not dis- 
turbed by the execution of these instructions. 

3. The COMPARISON Indicator is set by the follow- 
ing operations: 

Code Name 

18 COMPARE FIELD A 

18 COMPARE FIELD R 

Register Status. 



Register 
name 


Contents after execution 
if branching occurs 


A 
R 
D 


Unchanged 
Unchanged 


± i,i,i v 3.4 a ,a,a, a 
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Register 
name 


Contents after execution 
if branching occurs 


B 
P 
C 
E 


Unchanged 
B[aaaa] 






i. i.i 


V 


3,4 


B[aaaa] 




Cleared 





Register 
name 



A 
R 
D 

B 
P 

C 
E 



Contents after execution 
if branching does not occur 



Unchanged 
Unchanged 



± 


^^ 1^ 


V 


3,4 





Unchanged 
(rP)b + 1 



S^ |i 


V 


3,4 


_B[aaaa] 



Cleared 



Register 
name 


Contents if Program Check 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 


-.} ,^i ^ 3 ,4 a, a ,a ,a 


Unchanged 

(rP)b + 1 


i ,i ,i V 3 4 B[aaaal 


Cleared 



BRANCH, COMPARISON EQUAL (BCE) 
BRANCH, COMPARISON UNEQUAL (BCU) 
Operation Code. 35 

±1234567890 



Instruction Format. 



\^^ 


V 


0,P 


a, a, a, a 



Definitions. 

V : variation designator : 

V = 0: BRANCH, COMPARISON EQUAL will 

be executed. 
v-1: BRANCH, COMPARISON UNEQUAL 
will be executed. 



aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. 

V = 0: BRANCH, COMPARISON EQUAL will be exe- 
cuted. If the COMPARISON Indicator is EQUAL, trans- 
fer control to location B[aaaa], i.e., prepare to take the 
next instruction from B[aaaa]. If the COMPARISON In- 
dicator is HIGH or LOW, control continues in sequence. 

V = 1: BRANCH, COMPARISON UNEQUAL will be 
executed. If the COMPARISON Indicator is HIGH or 
LOW, transfer control to location B[aaaa]. If the COM- 
PARISON Indicator is EQUAL, control continues in 
sequence. 

Flow Chart. 

C) CLEAR rE, rIB. 



V = V = 1 
(BCE) (BCU) 



COMPARISON! COMPARISON 
INDICATOR INDICATOR 
EQUAL. ! HIGH OR LOW. 



COMPARISON 

INDICATOR 

CLEARED. 



t 



(rC:04) = B[aaaal -«-rP. 



I 



6 



PROGRAM CHECK 
ALARM STOP. 



OPERATION COMPLETE. 



COMPARISON 
INDICATOR 
HIGH OR LOW. 



COMPARISON 

INDICATOR 

EQUAL. 



COMPARISON 

INDICATOR 

CLEARED. 



^ 



(rC;04) = B[aaaa] — ^rP. 



z 



I 



PROGRAM CHECK 
ALARM STOP. 



OPERATION COMPLETE. 



Exceptional Conditions. Program Check ALARM STOP 
caused by COMPARISON Indicator being "off" when 
interrogated. 

Remarks. 

1. The BRANCH, COMPARISON EQUAL variation 
will be executed if v :^ L 

2. The state of the COMPARISON Indicator is not 
disturbed by the execution of these instructions. 

3. The COMPARISON Indicator is set by the follow- 
ing operations: 

Code Name 

18 COMPARE FIELD A 

18 COMPARE FIELD R 
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Register Status. 



Register 
name 


Contents after execution 
if branching occurs 


A 
R 
D 
B 
P 
C 
E 


Ur 
Un 

Un 
B[ 


changed 
changed 




±|i,i,i|v 3,5 a, a, a, 


ai 


changed 
aaaa] 






i, i ,i 


V 


3,5 


B[aaaa] 


Cleared 



Register 
name 


Contents after execution 
if branching does not occur 


A 
R 
D 
B 
P 
C 


Unchanged 
Unchanged 




± ^^i 


y 


3,5 


a, a, a, a 


Un 

(rl 


changed 

P)b + 1 






i, i ,i 


V 


3,5 


BTaaaa] 






J 





Definitions. 

s: partial-word designator: 

s designates the position, within the word, of the 
low-order digit of the partial-word operand. 

L: partial-word designator: 

L specifies the number of digits in the partial- 
word operand. 

nn : uasis lOr comparator. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. Beginning with the low-order 
digit of (rA:sL), successively higher-order digits are 
compared alternately with the low-order and high-order 
digit of nn. If equality exists for every digit position 
compared, transfer control to location B[aaaa]) i.e., take 
the next instruction from B[aaaa]. If inequality exists 
for any digit position, control continues in sequence. 

Flow Chart. 

~ CLEAR rE, rIB. 

SET SUBTRACT INDICATOR. 

rrA:sU - N = A.* 



A = I A^O 



^ 



(rC:04) = B[aaaa] — w-rP. 



I ■ 1 

OPERATION COMPLETE, j | PRtXiKAM LMtJ-K 

I ' I ALARM STOP.** 



Register 
name 


Contents if Program Check 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 




Unchanged 
Unchanged 




±2 


i , i , i 


V 


3,5 


a ,a ,a ,a 




Unchanged 

(rP), 4- 1 






i , i ,i 


V 


3,5 


B[aaaa] 






Cleared 





Instruction Format. 



BRANCH, FIELD A (BFA) 
Operation Code. 36 

±1234567890 



*The subtrahend, N, is an L-digIt number, constructed with the two-digit num- 
ber, nn, as a basis: the low-order digit of N is the low-order digit of nn,- the 
next-higher-order digit of N is the high-order digit of nn; the next-higher- 
order digit of N is the low-order digit of nn; and so forth, successively 
higher-order digits of N being, alternately the high-and low-order digits of nn. 

*As each digit of N is generated, L [i.e., (rC:21)] is counted down. If, at the 
start, L > s -I- 1 , s == 0, then at the end of the comparison {rC:21 ) is different 
from zero, and field overflow is detected. 



Exceptional Conditions. Program Check ALARM STOP 
due to field overflow. 

Remarks. Except for the difference in registers, 
BRANCH, FIELD A and BRANCH, FIELD R are iden- 
tical in operation. See page 2-36. 



Register Status. 



s I L 



O.P 



^1^1 ^1^ 



Register 
name 


Contents after 
execution of BFA 


A 
R 
D 
B 


Unchanged 
Unchanged 




±: 


s,L 


n 1 n 


3,6 


a, a, a, a 


Un 


chai 


iged 
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Register 
name 


Contents after 
execution of BFA 


P 

C 
E 


B[aaaa], if branch 
(rP)b + 1, if no branch 






0,0 


nn 


3,6 


B[aaaa] 




Cleared 





Flow Chart. 



Register 
name 


Contents if Program Checic 
ALARM STOP occurs 


A 
R 
D 
B 
P 

C 

E 


Unchanged 
Unchanged 




±: 


s,L 


n n 


3,6 


^^^1^1^ 




Un 

} 

(rP 


changed 

laaa], if branch would 
lave occurred 

)b + 1, if no branch would 
lave occurred 









«,• 


n n 


3,6 


B[aaaa] 






Cleared 





BRANCH, FIELD R (BFR) 
Operation Code. 37 

±1234567890 



Instruction Format. 



Definitions. 



L I n , n 0, p 



_Ll1 



s: 



nn: 



partial-word designator : 

s designates the position, within the word, of the 

low-order digit of the partial-word operand. 

partial- word designator : 

L specifies the number of digits in the partial- 
word operand. 

basis for comparator. 

address of base of location of alternate instruc- 
tion. 



Description of Operation. Beginning with the low-order 
digit of (rR:sL), successively higher-order digits are 
compared alternately with the low-order and high-order 
digit of nn. If equality exists for every digit position com- 
pared, transfer control to B[aaaa], i.e., take the next in- 
struction from B[aaaa]. If inequality exists for any digit 
position, control continues in sequence. 



CLEAR rE, rIB. 

SET SUBTRACT INDICATOR. 

(rR:sL) - N = A*. 



A = A^O 



(rC:04) = B[aaaa]—*-rP. 



OPERATION COMPLETE. 



PROGRAM CHECK 
ALARM STOP.** 



*The subfrahentJ, N, is an L-cJigit number, constructecJ with the two-cJigit num- 
ber, nn, as a basis: the low-order digit of N is the low-order digit of nn; the 
next-higher-order digit of N is the high-order digit of nn; the next-higher- 
order digit of N is the low-order digit of nn; and so forth, successively 
higher-order digits of N being, alternately the high-and low-order digits of nn. 

**As each digit of N is generated, L (i.e., (rC:21)] is counted down. If, ai the 
start, L > s + 1, s == 0, then at the end of the comparison (rC:21) is different 
from zero, and field overflow is detected. 

Exceptional Conditions. Program Check ALARM STOP 
due to field overflow. 

Remarks. Except for the difference in registers, 
BRANCH, FIELD R and BRANCH, FIELD A are iden- 
tical in operation. See page 2-35. 

Register Status. 



Register 


Contents after 




name 


execution of BFR 




A 


Unchanged 




R 
D 
B 


Unchanged 






± 


s,L 


n , n 


3,7 


a, a, a 


a 


Unchanged 




P 


B[aaaa], if branch 




C 
E 


(rP)b + 1, if no branch 






,0 


n 1 n 


3,7 


B[aaaa] 


Cle 


■ared 



Register 
name 


Contents if Program Check 
ALARM STOP occurs 


A 
R 
D 
B 
P 


Unchanged 
Unchanged 




± 


s,L 


n n 


3,7 


a,a ,a,a 


Un 

B[ 

1 

fri 
1 


char 

aaaa 
lave 

lave 


ged 
], ifl 

OCCU] 

+ 1, 

occu 


jranch 
••red 

if no 
rred 


woul( 
branch 


1 

I would 
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Register 
name 


Contents if Program Check 
ALARM STOP occurs 


C 
E 




* n n 13 7 B[aaaa] 
1 ill III-" 


Cleared 



±2 


s^^ 


V 


0,P 


a,a^a,a 



* L - s - 1 

SET OVERFLOW REMEMBER (SOR) 

SET OVERFLOW HALT (SOH) 

INTERROGATE OVERFLOW MODE (lOM) 

Operation Code. 39 

±1234567890 
Instruction Format. 

Definitions. 

v: variation designator: 

V = 0: SET OVERFLOW REMEMBER will be 

executed. 

V =- 1: SET OVERFLOW HALT will be exe- 

cuted. 

V = 2: INTERROGATE OVERFLOW MODE 

will be executed. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. 

V = 0: Sets the overflow circuitry such that a succeed- 
ing overflow condition turns the OVERFLOW Indicator 
"on," but does not cause the Data Processor to halt even 
if the instruction causing the overflow is not followed by 
a BOF instruction. 

v = 1: Sets the overflow circuitry such that a succeed- 
ing overflow condition turns the OVERFLOW Indicator 
"on" and does cause the Data Processor to halt if the 
instruction causing the overflow is not followed by a 
BOF instruction. 

V = 2: If the Data Processor is in the Overflow Remem- 
ber Mode (set by a previous SOR instruction or the 
CLEAR switch ) , control continues in sequence. 

If the Data Processor is in the Overflow Halt Mode (set 
by a previous SOH instruction), control is transferred to 
B[aaaa]. 

Exceptional Conditions. None. 

Remarks. 

I. Depressing the CLEAR switch sets the Data Proc- 
essor to the Overflow Remember Mode. 



2. These instructions will not turn "off 
FLOW Indicator. 



the OVER- 



3. An overflow condition followed by a SOR instruc- 
tion will cause the Data Processor to halt. 



4. aaaa is relevant only for v 
5 



2. 



If the Data Processor is in the Overflow Halt Mode 
(set by a previous SOH instruction), a BOF in- 
struction immediately following an OVERFLOW 
condition will cause control to be transferred to the 
location sr>ecified by B[aaaa] of the BOF instruc- 
tion. 

6. If the Data Processor is in the Overflow Remember 
Mode (set by a previous SOR instruction or by de- 
pressing the CLEAR switch) a BOF instruction fol- 
lowing an OVERFLOW condition will cause the 
same effect as 5, above, except that the BOF does 
not have to follow immediately after the operation 
that caused OVERFLOW. Control continues in se- 
quence until the BOF instruction is encountered. 



Flow Chart. 



^ 



CLEAR rE, rIB. 



v=2 v=l v=0 

(lOM) (SOH) (SOR) 



HALT CONTROL HALT CONTROL 
TOGGLE = TOGGLE = 1 

r 



6 



SET HALT CONTROL 



I l_»UVJLC I W I . 



6 



6 



(rC:04 = B[aaaa]— ^rP. 



1 



TOGGLE 
TO 0. 



OPERATION COMPLETE. 



Register Status. 



Register 
name 


Contents after execution 
if branching occurs 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




+ 


i ,i,i 


V 


3,9 




Un 
B[ 


changed 
aaaa] 






i .i ,i 


V 


3,9 


Blaaaa] 




Cle 


;ared 
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Register 
name 


Contents after execution 
if branching does not occur 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




±: 


S S i 


V 


3 


a 1 a , a 1 a 


Unchanged 

frP)„ + 1 






^ i,i 


V 


3,9 


B[aaaa] 




Cleared 





Remarks. 

1. The STORE A variation will be executed if v 7^ 1 
or 2. 

2. f = 2, 4, 6, or 8 has the same effect as f = 0; 
f = 3, 5, 7, or 9 has the same effect as f = 1. 

3. If, for example, the STORE A variation is being 
executed with f = 1 (partial-word selection), then 
(rA:sL) -^ (B[aaaa] :sL). The remainder of 
(B[aaaa] ) is unaltered. 

Flow Chart. 

CLEAR rE, rIB. 

(rC:04) = B[aaao]—^rE. 



STORE A (STA) 
STORE R (STR) 
STORE B (STB) 
Operation Code. 40 

Instruction Format. 



(B[aaaa]) — »>rlB 



zt 


1 2 


3 


4 


5 6 


7 8 9 


-h 


s,L 


f 


V 


o,p 


a, a, a, a 



Definitions. 



partial-word designator: 

= 0: s is not relevant. 

= 1: s designates the position, within the 
word, of the low-order digit of each par- 
tial-word operand. 

partial-word designator: 
= 0: L is not relevant. 
1: L specifies the number of digits in each 
partial-word operand. 

partial-word designator : 
— 0: entire words will be used as operands. 
= 1 : the contents of the partial-word fields de- 
fined by sL will be used as operands. 

variation designator : 

V = 0: STORE A will be executed. 
v = 1 : STORE R will be executed. 

V = 2: STORE B will be executed. 



aaaa: address of base of location in which the selected 
field will be stored. 

Description of Operation. Store the specified field of the 
designated register in the corresponding field location in 
B[aaaa]. 

Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Program Check ALARM STOP due to field over- 
flow. 



STORAGE 
ALARM STOP. 



d 



f = I f = 1 



1- 1" = ° I v=1 

Q (rA)-,^rD Q (rRj — rl 



(rA) 
(rA) 



rD 
(rR)— ^rlB 



(rB)—^rD:04 
(rB)— ^rlB:04 

CLEAR rD:67 
CLEAR rlB:67 



UEU 



I 1 " = " I " = ^ I ^ = ^ I 

O ('•A:sl-)— ^rD:sL Q (rR:sL)_-rD:sL 0(rB:$L)-*-rD.sL* 

y (rA:sL)— >rlB:5L J {rR:sL)-*.rlB:sL T (rB:sL)— ^rlB:sL* 



CLEAR OTHER DIGIT 
POSITIONS IN rD. 



(rIB) — »-B[aaaa] 



z 



PROGRAM CHECK 
ALARM STOP** 



OPERATION COMPLETE. 
* The B register is regarded as If it were 1 1 digits long as indicated: 

±1234567890 



O^O^O^O^O^ 



ilA 



*As each digit is transferred from the designated register to the D register, L [i.e., 
{rC:21)] is counted down. If, at the start, L > s -I- I, s /^ 0, then at the end of the 
transfer (rC:21) will be different from zero and field overflow will be detected. 



Register Status. 



Register 
name 


Contents after execution 
of all instructions 


A 
R 


Unchanged 
Unchanged 


D 
B 


(B [aaaa]) a 
Unchanged 


P 
C 
E 


(rP)b + 1 






0,0 


f 


V 


4,0 


B[aaaa] 




B[ 


aaaa] 
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Register 
name 



A 
R 
D 
B 
P 
C 
E 



Contents if Storage 
ALARM STOP occurs 



Unchanged 
Unchanged 



± 


s,L 


f 


V 4,0 


a, a, a, a 



Unchanged 

(rP)b + 1 



S| L 


f 


V 


4,0 


R[aaaa] 



B[aaaa] 



Register 
name 



A 
R 
D 
B 
P 

C 
E 



Contents if Program Check 
ALARM STOP occurs 



Unchanged 
Unchanged 
See flow chart 
Unchanged 
(rP)b + 1 



0,* 


f 


V 


4,0 


B[aaaa] 



B[aaaa] 



xa 


mples. 




1. 


(rC) 


= 0412 40 1000 




(1000) b 


= 1234 56 7890 




(rB) 


1234 




(rD), 


= 0000 00 1234 




(1000) a 


= 1234 56 1234 


2. 


(rC) 


= 0002 40 1000 




(lOOO)b 


= 1234 56 7890 




(rB) 


1234 




(rD)a 


=^ 0000 00 1234 




(lOOO)a 


- 0000 00 1234 


3. 


(rC) 


= 8412 40 2000 




(2000) b 


= 1234 56 7890 




(rB) 


2345 




(rD)a 


= 0000 00 2300 




(2000) a 


= 1234 00 2390 


4. 


(rC) 


= 5312 40 3000 




(3000) b 


= 1234 56 7890 




(rB) 


1357 




(rD)a 


= 0000 00 0000 




(3000) a 


= 1200 06 7890 



±12 3 4 


5 6 


7 8 9 


^^\'\' 1^ 


0,P 


a, a, a, a 



LOAD R (LDR) 
Operation Code. 41 

Instruction Format. 



Definitions. 

aaaa : address of base of location of operand. 
Description of Operation. KeTplace (rR) by (B[aaaa]), 
Flow Chart. 

CLEAR rE, rIB. 

(rC:04) = B[aaad]— ^rE. 



(B[aaaa]) — ^rlB. 



STORAGE 
ALARM STOP. 



(rIB) — ^rR. 
(rIB) — *-rD. 

OPERATION COMPLETE. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Register Status. 



Register 
name 


Contents after 
execution of LDR 


A 


Unchanged 


R 


(B[aaaa]) 


D 


(B[aaaa]) 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






iii. i.i 


4,1 


Bfaaaa] 




B[ 


aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 

C 
E 


Unchanged 
Unchanged 




± 


i.i,i.i 


4,1 


^i^.a. 


a 


Un 
(rl 


changed 

^)b + 1 






i, i,i,i 


4|1 


,B[aaaa] 


B[ 


aaaa] 
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LOAD B (LDB) 

LOAD B, COMPLEMENT (LBC) 

Operation Code. 42 

±1234567890 



instruction r ormat. 


± 


\Ai' 


V 


0,P 


^1 ^1 ^ 1 ^ 


Definitions. 

v: variation designator: 

V = 0: LOAD B will be executed 

V = 1: LOAD B, COMPLEMENT 


will be exe- 



cuted. 
aaaa: address of base of location of operand. 

Description of Operation. 

V = 0: (B[aaaa]:04) replaces (rB). 

V = 1: the lO's complement of (B[aaaa]) replaces (rB) 

Flow Chart. 

CLEAR rE. 

(rC:04) = B[aaaa] —*-t^. 



(B [ aaaa ])—»>rlB. 



I 



STORAGE 
ALARM STOP. 



V = V = 1 
(LDB) (LBC) 



(rlB:04)— ^rB 
(rlB:04) _^rb.04 



SET SUBTRACT INDICATOR. 



(rlB:04) =^ADDER— ^rB. 
(THUS LOADING COMPLEMENT). 



(rlB:04) -*.rD:04 



f) (rlB:67) — mD:67 

Q OPERATION COMPLETE. 

Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 

Remarks. The LOAD B variation will be executed if 
Register Status. 



Register 
name 


Contents after 
execution of LDB 


A 


Unchanged 


R 


Unchanged 


D 


(B[aaaa]) 


B 


(B[aaaa]:04) 


P 
C 
E 


(rP)b + 1 






i,i, i 





4,2 


B[aaaa] 

1 ^ 1 1-" 




B[ 


aaaa] 





Register 
name 


Contents after 
execution of LBC 


A 


Unchanged 


R 


Unchanged 


D 


(B[aaaa]) 


B 


lO's complement of (B[aaaa] :04) 


P 
C 

E 


(rP)b + 1 






i,i,i 


1 


4,2 


BFaaaa] 




B[ 


aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
P 
B 
C 
E 


Unchanged 
Unchanged 




± 


^^i 


V 


4,2 


a, a, a 


a 


Unchanged 

(rP)b + 1 






i, i, i 


V 


4,2 


B[aaaa] 


B[ 


aaaa] 



LOAD SIGN A (LSA) 
Operation Code. 43 

Instruction Format. 



±: 


1 2 3 


4 


5 6 


7 8 9 


±: 


^^i 


n 


0,P 


i.i.i.i 



Definition. 

n : modifier for sign-digit position of A register. 

Description of Operation. Replace the contents of the sign- 
digit position of the A register by n. 

Flow Chart. 

CLEAR rE, rIB. 
(rC:41)-*.rA:±1. 
OPERATION COMPLETE. 



Exceptional Conditions. None. 

Remarks. Although the address-field is not used for ad' 
dressing purposes, B-register address-modification will 
occur if it is specified. No Storage ALARM STOP due to 
use of a nonexistent address can occur, however. 
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Register Status. 



Register 
name 


Contents after 
execution of LSA 


A 

R 
D 
B 
P 
G 
E 


(rA:zbl) =- n 
(rA:00)a = (rA:00)b 

Unchanged 


± i,i,i 


n 4,3 i,i, i,i 


Unchanged 
(rP)b +1 


i , i , i n 4 , 3 , BJiiii] 


Cleared 



±: 


12 3 4 


5 6 


7 8 9 


zt 


i.i.i .i 


O.P 


i. i,i.i 



STORE P (STP) 
Operation Code. 44 

Instruction Format. 



Definition. 

aaaa : address of base of location in which will be stored 
the augmented content of the P register. 

Description of Operation. (rP) + 1 ^ (B[aaaa] :04). 

Flow Chart. 

CLEAR rE, rIB. 

(rC:04) = B[aaaa]— ^rE. 



(B[aaaa])— »-rlB. 



STORAGE 
ALARM STOP. 



(rP) + 1— ^rlB:04 
(rP) + 1 — ^rD:04 

(rlB:67)— ».rD:67 

(rIB) — »-B[aaaa] 

OPERATION COMPLETE. 



Exceptional Conditions. Storage ALARM STOP due to 
use of a nonexistent address. 



D 
B 
P 
C 

E 














+ 


i,i,i,i 


4,4 


a a a a 


Unchanged 

(rP)b + 1 




i. i. i . i 


4 4 


Bfaaaa] 

1 W .1 -■ 


B[ 


aaaa] 





Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




rt 


1±LlV.J 


4 4 


^1^. ^ 


a 


Unchanged 

(rP)b + 1 






i.i. i.i 


4 4 


B[aaaa] 


B[ 


aaaa] 



CLEAR A, B (CAB) 
CLEAR R, B (CRB) 
CLEAR A, R, B (CLT) 



± 


1 2 3 


4 


5 6 


7 8 9 


± 


i,i,i 


V 


0,P 


i,i|i.i 



CLEAR A (CLA) 
CLEAR R (CLR) 
CLEAR A, R (CAR) 
CLEAR B (CLB) 
Operation Code. 45 

Instruction Format. 

Definitions. 

v: variation designator: if 

(rC:41)/l = 1:* CLEAR A will be executed : 

and/or 
(rC :41 ) /2 = 1 : * CLEAR R will be executed ; 

and/or 
(rC:41) /4 = 1:* CLEAR B will be executed. 

* (rC:41) /I is the one-bit of v; 
(rC:41)/2 is the two-bit of v; 
and (rC:41) /4 is the four-bit of v. 

Description of Operation. 



Register Status. 






V 


Clear Register 


Abbreviation 


Register 
name 


Contents after 
execution of STP 





1 
2 
3 
4 


None 
A 

R 
A, R 

B 




CLA 
CLR 
CAR 
CLB 


A 
R 


Unchanged 
Unchanged 
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V 


Clear Register 


Abbreviation 


5 
6 

7 
8 
9 


A, B 
R, B 
A, R, B 
None 
A 


CAB 
CRB 
CLT 







Flow Chart. 



rE, rIB.Q 



(rC:41)/l = 1 



(rC:41)/2 = 1 



(rC:41)/4 = 1 -I 



<i 



z 



Exceptional Conditions. None. 

Remarks. 

1. If V = or if V = 8, no registers will be cleared; 
the effect is the same as that of a NO OPERATION 
instruction. 

Register Status. 



CLEAR rR. Q CLEAR rB 



r) OPERATION COMPLETE. 

2. Although the address field is not used for addressing 
purposes, B-register address-modification will occur 
if it is specified. No Storage ALARM STOP due to 
use of a nonexistent address can occur, however. 



Contents 

after 

execution 

of 


Registers 


A 


R 


D* 


B 


P 


C* 


E 


V 


O. P 


V 


o ,P 






CLA 
CLR 
CAR 
CLB 
CAB 
CRB 
CLT 


Cl'r 

Unch'g 

Cl'r 

Unch'g 

Cl'r 

Unch'g 

Cl'r 


Unch'g 

Cl'r 

Cl'r 

Unch'g 

Unch'g 

Cl'r 

Cl'r 




Unch'g 

Unch'g 

Unch'g 

Cl'r 

Cl'r 

Cl'r 

Cl'r 


(rP)b + 1 
(rP). + 1 
(rP)„ + 1 
(rP)„ + 1 
(rP)„ + 1 
(rP)„ 4- 1 
(rP)b + 1 




Cl'r 
Cl'r 
Cl'r 
Cl'r 
Cl'r 
Cl'r 
Cl'r 


1 


4 5 


1 


4 5 

1 






2 


4 5 


2 


4 5 

1 






3 


4 5 


3 


4 5 

1 






4 


4 5 

1 


4 


4 , 5 






5 


4 5 


5 


4, 5 






6 


4 5 

1 


6 


4,5 






7 


4 5 

1 


7 


4,5 







* Control and address digits not shown here since they are irrelevant to the execution of these instructions. 



CLEAR LOCATION (CLL) 
Operation Code. 46 

Instruction Format 



± 


12 3 4 


5 6 


7 8 9 


± 


^S^ 1^ 


0,P 


a, a, a, a 



Definitions. 

aaaa : address of base of location to be cleared. 

Description of Operation. Clear the contents of location 
B[aaaa]. 

Flow Chart. 

CLEAR rE, rIB. 

(rC:04) = B[aaaa] -*-rE. 



CLEAR B[aaaa]. 



I 



STORAGE 
ALARM STOP. 



Exceptional Conditions. None. 
Register Status. 



OPERATION COMPLETE. 



Register 
name 


Contents after 
execution of CLL 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




±: 


i.i.i.i 


4 6 

1 


a a a 

1 1 


a 


Un 

(r] 


changed 

P)b + 1 






i.i. i.i 4,6 


B[aaaa] 


B[ 


aaaa] 
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Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 
R 
D 
B 
P 
C 
E 


Unchanged 
Unchanged 




± 


i.i, i.i 


4 6 


^ , a, a , a 


Unchanged 
(rP)„ + 1 




i i i i 
1 1 1 


4 , 6 


B[aaaa] 


B[ 


aaaa] 



SHIFT RIGHT A (SRA) 
SHIFT RIGHT A AND R (SRT) 
SHIFT RIGHT A WITH SIGN (SRS) 
Operation Code. 48 

±1234567890 
Instruction Format. 



-h 


\'i' 


V 


0,P 


i i 


n n 



Definitions. 

v: variation designator: 

V = 0: SHIFT RIGHT A will be executed. 

V = 1: SHIFT RIGHT A AND R will be executed. 

V = 2: SHIFT RIGHT A WITH SIGN will be 

executed. 

nn: specifies the number of digit positions (00 to 19) 
through which the operand will be shifted. 

Description of Operation. 

V = 0: SHIFT RIGHT A will be executed. 

The contents of the A register, excluding the contents of 
the sign-digit position, are shifted to the right through 
the number of digit positions specified by nn. Digits 
shifted out of the low-order end of the A register are lost ; 
as each digit is shifted out of the A register, a "0" is 
entered into digit-position 1 in the A register. 

V = 1: SHIFT RIGHT A AND R will be executed. 

The contents of the A and R registers, excluding the con- 
tents of the sign-digit positions of both registers, but re- 
garded as one twenty-digit-long number, are shifted to the 
right through the number of digit positions specified by 
nn. Digits shifted out of the low-order end of the R regis- 
ter are lost; as each digit is shifted out of the R register, 
a "0" is entered into digit-position 1 in the A register. 

Although the contents of the sign-digit position of neither 
register is shifted during the execution of this instruction, 
the contents of the sign-digit position of the R register are 
replaced by the contents of the sign-digit position of the 
A register; the sign digit of the A register is not altered. 



V = 2: SHIFT RIGHT A WITH SIGN will be executed. 
The contents of the A register, including the contents of 
the sign-digit position, are shifted to the right through the 
number of digit positions specified by nn. Digits shifted 
out of the low-order end of the A register are lost; as 
each digit is shifted out of the A register, a "0" is entered 
into the sign-digit position of the A register. 

Flow Chart, 



CLEAR rE, rlB. 



SET SHIFT COUNTER TO N* 




1)— ^rR:±l. Q(''A:91)-*- 



N 
TIMES 



(rR:91) —•-rRrOl 
(rR:81) — ^rR:91 

(rR:21)— ^rR:31 
(rR:11)_»-rR:21 
(rA:01)— ^rR:11 
(rA:91)— ^rA:01 
(rA:81)— *-rA:91 

(rA:21)— ^rA:31 
(rA:ll)_*.rA:21 

CLEAR rA:ll. 



N 
TIMES 



L 



-rA:01 
(rA:81)— ^rA:91 

(rA:ll)_»-rA:21 
(rA:±l)-e-rA:n 

CLEAR rA:±l. 



6 



OPERATION COMPLETE. 



*N Is the least non-negative remainder obtained on dividing nn by 20. 



F.Yrprtf.innnl C. nn rl i ti i 



Mr 



Remarks. 

1. The SHIFT RIGHT A variation will be executed if 
V ^ 1 or 2. 

2. Although the address field is not used for addressing 
purposes, B-register address-modification will occur 
if it is specified. No Storage ALARM STOP due to 
use of a nonexistent address, can occur, however. 

3. The number of digit positions through which the 
contents of the register (s) will be shifted is always 
less than or equal to 19, regardless of the value of 
nn. The number, N, of digit positions actually shifted 
is the least non-negative remainder obtained on di- 
viding nn by 20. 

Register Status. 



Register 
name 


Contents after 
execution of SRA 


A 

R 
D 


(rA:±l) is unchanged 
(rA:00) shifted as specified 

Unchanged 


± i ,. i , i 4,8 i , i 


n n 

1 
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Register 
name 


Contents after 
execution of SRA 


P 
B 
G 
E 


Unchanged 

(rP). + 1 






i. '. i 





4,8 


B[iinn] 




Cleared 





Register 
name 


Contents after 
execution of SRT 


A 


(rA:±l) is unchanged 
(rA:00) shifted as specified 


R 

D 
P 


(rR:±l)a = (rA:±l), 
(rR:00)i„ shifted as specified 




± 


i i i 

1 1 


1 


4 8 


i, ' 


n n 

1 


Un 


changed 


B 
C 
E 


(rl 


")b + 1 






i i i 


1 


4 8 


B[iinn] 




Cle 


ared 





Register 
name 


Contents after 
execution of SRS 


A 
R 
D 
B 
P 
C 
E 


(rA), shifted as specified 
Unchanged 




± 


i ^ .i 


2 


4 8 


i i 


n n 


Un 
(rl 


changed 

')b + 1 






i .i,' 


2 


4 8 


B[iinn] 




Cle 


ared 





SHIFT LEFT A (SLA) 

SHIFT LEFT A AND R (SLT) 

SHIFT LEFT A WITH SIGN (SLS) 

Operation Code. 49 

±1234567890 
Instruction Format. 



± 


i i i 

1 1 


V 


0,p 


i i 

1 


n n 

1 



Definitions. 

v: variation designator: 

V = 0: SHIFT LEFT A will be executed. 



V = 1 : SHIFT LEFT A AND R will be executed. 

V = 2: SHIFT LEFT A WITH SIGN will be exe- 

cuted. 

nn: specifies the number of digit positions through 
which the operand will be shifted. 

Description of Operation. 

V = 0: SHIFT LEFT A will be executed. 

The contents of the A register, excluding the contents of 
the sign-digit position, are shifted to the left through the 
number of digit positions specified by nn. This is a cir- 
culating shift, that is, as each digit is shifted out of digit- 
position 1 in the A register it is entered into the low-order 
digit position of the A register. 

V = 1: SHIFT LEFT A AND R will be executed. 

The contents of the A and R registers, excluding the con- 
tents of the sign-digit positions of both registers, but re- 
garded as one twenty-digit-long number, are shifted to 
the left through the number of digit positions specified by 
nn. This is a circulating shift, that is, as each digit is 
shifted out of digit-position 1 in the A register it is en- 
tered into the low-order digit position in the R register. 

Although the contents of the sign-digit position of neither 
register is shifted during the execution of this instruction, 
the contents of the sign-digit position of the A register is 
replaced by the contents of the sign-digit position of the 
R register; the sign digit of the R register is not altered. 

V = 2: SHIFT LEFT A WITH SIGN will be executed. 
The contents of the A register, including the contents of 
the sign-digit position, are shifted to the left through the 
number of digit positions specified by nn. This is a cir- 
culating shift, that is, as each digit is shifted out of the 
sign-digit position in the A register it is entered into the 
low-order digit position in the A register. 

Flow Chart. See page 2-45. 
Exceptional Conditions. None. 

Remarks. 

1. The SHIFT LEFT A variation will be selected for 
execution if v 7^ 1 or 2. 

2. Although the address field is not used for addressing 
purposes, B-register address-modification will occur 
if it is specified. No Storage ALARM STOP, due to 
use of a nonexistent address, can occur, however. 

3. The Data Processor is capable only of shifting the 
contents of the A and R registers to the right. In 
order to shift to the left, therefore, it is necessary for 
the machine to simulate left shifts by executing cir- 
culating right shifts. This is of no other importance 
to the programmer /coder than that he knows how to 
determine execution times : for all practical purposes, 
if the instruction is SLS 0003, the contents of the A 
register will be shifted and circulated three places 
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i 



CLEAR rE, rIB. 



T" 



9 

A 



SET DIGIT COUNTER 
TO Nj. 



J 



(rA:ll)— »-rA:21 
(rA:21)-»-rA:31 

(rA:91)-^rA:01 
(rATOl)— »-rR:n 
(rR:!!) -•-rR:21 

{rR:91)-^rR:01 
(rR:01) — ^rAtll 



J 



DIGIT 

COUNTER 

7^29. 



OPERATION 
COMPLETE. 



SET DIGIT COUNTER 
TO 10 + N,. 



A 



(rAtll)— ^rA:21 
(rA:21)— •-rA:31 

(rA:91)— WrA:01 
(rA:01)— *-rA:n 



DIGIT 

COUNTER 

#20 



6 



SET DIGIT COUNTER 
TO 10 + N,. 

(rA:±l)-^rA:n 
(rA:ll) -mA:21 

(rA:91)-i-rA:01 
(rAtOl) -*-rA:±1 



6 



OPERATION 
COMPLETE. 



(rA:±l)-»-rA:ll 
(rA:ll) -^rA:21 

(rA:91)— t-rA:01 
(rA:01)— ^rA:±l 



DIGIT 

COUNTER 

9^20 



I 



OPERATION 
COMPLETE. 



to the left. In this particular case, as will be ex- 
plained below, the number of digit positions through 
which the contents of the A register is shifted is 
eight, of which only seven enter into timing consid- 
erations. Examination of the flow chart may help to 
make clearer the description below. 

The counter which determines how many digit positions 
are to be shifted is called the Digit Counter. The Digit 
Counter is capable of counting only to 20. Thus, for ex- 
ample, if the Digit Counter is set to 13, only seven pulses 
will be provided to accomplish shifting, one pulse each 
time the contents of the specified register (s) are shifted 
to the right. When the Digit Counter reaches 20, no more 
pulses are provided. 



Suppose now that the instruction is SLA OOnn. The Data 
Processor first determines Ni, where Ni = nn, modulo 10 
(that is, Ni is the least non-negative remainder obtained 
on dividing nn by 10). The Digit Counter is then set to 
10 + Ni. Hence, the number of digit positions actually 
shifted is 20 - (10 + Ni) = 10 - Ni. 

Example 1. SLA 0003. Ni = 3. The Digit Counter is set 
to 13. The contents of (rA:00) will be shifted left, and 

seven places. 



Digit 
Counter 


[rA] 


13 


± 1234 56 7890 


14 


±: 0123 45 6789 


15 


± 9012 34 5678 


16 


± 8901 23 4567 


17 


± 7890 12 3456 


18 


± 6789 01 2345 


19 


+ 5678 90 1234 


20 


± 4567 89 0123 



Example 2. SLA 0049. N^ = 9. The Digit Counter is set 
to 19. The contents of (rA:00) will be shifted left and 
circulated nine places by shifting right, and circulating, 
one place. 



Digit 
Counter 


[rA] 


19 

20 


± 1234 56 7890 
± 0123 45 6789 



Suppose the instruction is SLS OOnn. As in the case of 
SLA, Ni is determined. Also, because the operation is 
SLS, the Data Processor automatically shifts and circu^ 
lates the contents of the A register one place to the right 
while it is determining Ni. The Digit Counter is set to 
10 + N], so that the number of additional shifts is 
20 - (10 + Ni) = 10 - Ni. In this way the proper 
kind of modulo- 11 shift is achieved. 

Example 3. SLS 0007. Ni = 7. The Digit Counter is set 
to 17. 



Digit 
Counter 


[rA] 


Original 
17 
18 
19 
20 


± 1234 56 7890 
±123 45 6789 
9 0±12 34 5678 
8 90±1 23 4567 
7 890± 12 3456 



2-45 



The Data Processor 



Because the SHIFT LEFT A AND R instruction handles 
sets of 20 digits, it provides a modulo-20 shift. The Data 
Processor first determines N2, where N2 ^ nn, modulo 20. 
The Digit Counter is then set to N2, so that the number 
of digit positions actually shifted is 20 — N2. 

Example 4. SLT 0018. N2 = 18. 



Register Status. 



Digit 
Counter 


[rA] 


[rR] 


18 
19 
20 


=b 1234 56 7890 
A K123 45 6789 
A JK12 34 5678 


A BCDE FG HIJK 
A OBCD EF GHIJ 
A 90BC DE FGHI 



4. The table below summarizes the times required to 
execute the various shifting instructions. Fetch time 
is included. As is noted in the headings, the entries 
in the table were computed using the following 
formulas : 

SLA,SLS: t = 160- 5Ni, 
SLT: t = 210 - 5N2. 

Ni and N2 were defined in Remark 3. 



nn 


Time [/xs] 


SLA, SLS 


SLT 




[160 -5Ni] 


[210-5N2] 


00 


160 


210 


01 


155 


205 


02 


150 


200 


03 


145 


195 


04 


140 


190 


05 


135 


185 


06 


130 


180 


07 


125 


175 


08 


120 


170 


09 


115 


165 


10 
11 


160 


160 
150 




12 




150 


13 




145 


14 




140 


15 




135 


16 




130 


17 




125 


18 




120 


19 




115 



Register 
name 


Contents after 
execution of SLA 


A 

R 
D 
B 
P 
C 
E 


(rA:±l)a = (rA:±l)b 
(rA:00) shifted as specified 
Unchanged 




± 


S ^^ 





4 9 


i i 

1 


n n 


Unchanged 

(rP)b + 1 






i. S^ 





4 9 


_B[iinn] 




Cleared 





Register 
name 


Contents after 
execution of SLT 


A 
R 

D 
P 
B 
C 
E 


(rA:±l)a = (rR:±l)b 

(rA:00, rR:00) shifted as specified 

(rR:±l)a = (rR:±l)b 

(rA:00, rR:00) shifted as specified 


±:i i i 14,9 i i nn 

II III 


Unchanged 

(rP)b + 1 


i.i.i 1 4,9 


B[iinn] 


Cleared 



Register 
name 


Contents after 
execution of SLS 


A 
R 
D 
B 
P 
C 
E 


(rA) shifted as specified 
Unchanged 


± i ,i ,i 2 4,9 i , i r 


S" 


Unchanged 

(rP)b + 1 


i i i 2 4 9 B[iinn 
II 1 1 "-1 . 


}] 


Cleared 
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GENERAL 

The Control Console of the BURROUGHS 220 Electronic 
Data Processing System is the control center for the Sys- 
tem. By means of neon lamps, indicators, push-button 
indicators, and organ switches, the status of the System 
is indicated and supervisory control over its operation 
is provided. 

The Control Console is divided into three sections, of 
which, normally, only the central section is of concern 
to the system operator and/or programmer. It is in this 
section that the contents of the A, R, D, B, P, C, and E 
registers are displayed (see Chapter 2). The other two 
sections, the side panels, mounted behind doors which 
usually are closed, are primarily for the maintenance or 
test engineer. 

In this chapter we will discuss the ten PROGRAM CON- 
TROL SWITCHES, the Reset and Transfer Switch, the 
numeric Keyboard, and the Supervisory Printer. For a 
more complete discussion of these and the other elements 
of the Control Console and for operating procedures and 
techniques, the reader is referred to the Handbook of Op- 
erating Procedures hr the BURROUGHS 220. 

PROGRAM CONTROL SWITCHES 

The Control Console is equipped with ten clear-plastic 
organ switches. Each switch has a light behind it; the 
light is on when the switch is on. The status of a switch 
may be interrogated by the BRANCH, CONTROL 
SWITCH instruction. Although more than one switch 
may be on at any one time, only one switch may be in- 
terrogated with any one instruction. 

Flexible manual-control facilities are provided by these 
switches. 

THE RESET AND TRANSFER SWITCH 

The manual Reset and Transfer Switch is located on the 
lower right portion of the Control Console. Depression 
of this switch will cause the contents of the address por- 
tion of the C register and the P register to be stored in 
memory location 0000. and program control will be trans- 
ferred to memory location 0001. The contents of the P 
register will be stored in digit positions 7-0 and the con- 
tents of the address portion of the C register will be stored 
in digit positions 3-6. This switch will permit an operator 
to regain program control after a system halt without a 



loss of register information or a keyboard entry of a 
branchins instruction. 



THE KEYBOARD 

A numeric Keyboard is an integral part of the Control 
Console. This keyboard may be activated under program 
control by use of the KEYBOARD ADD instruction (see 
page 3-2). 

When the Data Processor is not in RUN status the key- 
board may be activated by depressing the KEYBOARD 
switch. 



THE SUPERVISORY PRINTER 

Associated with the Control Console is a character-at-a- 
time alphanumeric printer. The printer, operating at a 
rate of 10 characters per second, is capable of printing 
both numeric and alphabetic information. 

Controls are provided to suppress the printing of leading 
zeros as well as the translation of words specified as alpha^ 
numeric (an alphanumeric word is signaled by the pres- 
ence of a 2 in the sign-digit position). See the Handbook 
of Operating Procedures for the BURROUGHS 220. 

The following format controls are provided : 

1. The right-hand margin may be set where required to 
provide an automatic carriage return. Carriage re- 
turn always includes a single line feed. 

2. A three-position switch permits the choice of "space," 
"tab," or "carriage return" action when the end-of- 
word is sensed. 

3. Vertical form-control is provided so that fan -fold 
paper can feed past the tear line to a predetermined 
position or positions. These vertical tabs may be 
set at 2.75-, 5.5-, 8.25-, and 11-inch intervals. 

The Supervisory Printer can print all the decimal digits 
and alphabetic characters; in addition, the following 
characters can be printed: -, $, &, *, □ , ., ', /, :^, 
%, @, and "space." The BURROUGHS 220 codes for 
these characters are shown in Appendix C. 

The Supervisory Printer is the same printer described in 
Chapter 5, The Paper-Tape System. 
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THE INTERVAL TIMER 

Attached to the Control Console is a five-digit-position 
counter which can count to 9999.9 seconds by tenths of 
a second. The counter may be reset manually to zero. 

The Interval Timer is connected, electrically, to the RUN 
Indicator: when the RUN Indicator is "on," the timer 
will count. 

THE EXECUTE PHASE 

The remainder of the Control Console chapter is devoted 
to descriptions of the Execute Phase of each operation 
which is controlled directly from the console. 

KEYBOARD ADD (KAD) 
Operation Code. 08 

Instruction Format 



± 


12 3 4 


5 6 


7 8 9 


± 


i i i i 

1 1 1 


0,P 


i i i i 

1 1 1 



Description of Operation. The D register is cleared, fol- 
lowing which the Data Processor waits, prepared to accept 
information entered on the console keyboard. Each digit 
selected on the keyboard enters the low-order digit posi- 
tion of the D register, shifting the previous contents, in- 
cluding the contents of the sign-digit position, one place 
to the left; digits shifted out of the sign-digit position are 
lost. When the ADD key on the keyboard is depressed, 
the sum of the contents of the A register and the D regis- 
ter is generated. This sum replaces the contents of the A 
register. 

Automatic control is resumed when the ADD key is de- 
pressed. 

Flow Chart. 



CLEAR rE, rIB. 

SET A SIGN-INDICATOR EQUAL 
TO (rA:±1)/l. 

CLEAR rD AND rA:±1. 

KEYBOARD ENTRY— ^rD. 
(WAIT FOR ADD PULSE.) 

SET D SIGN-INDICATOR EQUAL 
TO (rD:±l)/l. 

CLEAR rD:±l. 

ADJUST RESULT SI(»4-INDICATOR. 

ADJUST SUBTRACT INDICATOR. 

(rA) + (rD)— »-rA. 

ADJUST OVERFLOW INDICATOR. 

SET {rA!±1)/l TO SIGN OF 
RESULT. 

RESTORE (rD!±1)/1. 
OPERATION COMPLETE. 



Exceptional Conditions. None. 
Remarks. 

1. Although the address-field is not used for addressing 
purposes, B-register address-modification will occur 
if it is specified. No Storage ALARM STOP, due 
to use of a nonexistent address, can occur, however. 

2. The execution of this instruction can cause arith- 
metic overflow, in which case the OVERFLOW Indi- 
cator is set "on." 

3. If (rA) + (rD) = 0, the sign of this result is the 
sign that was in the A register before execution. 

Register Status. 



Register 
name 


Contents after 
execution of KAD 


A 


(rA)b + number keyed into rD 


R 


Unchanged 


D 


Number keyed in 


B 


Unchanged 


P 
C 
E 




(rP)b + 1 






i i i i 

1 1 1 


8 


B[iiii] 
1 J 1 






Cleared 





SUPERVISORY PRINT-OUT (SPO) 

Operation Code. 09 

±1234567890 
Instruction Format. 



Hh 


d 


n n 


v 


o,p 


a a a a 

1 1 1 



v = 0: d is not relevant to the execution of this 
instruction. 

V = 1 : d specifies the number of digit positions 
to the right of a decimal point provided by the 
Data Processor, d = means 10. 

nn: specifies the number of words to be printed, nn 
= 00 means 100. 

v: variation designator: 

V = 1: the Data Processor will insert a decimal 
point in the place specified by d. 

V = 0: no decimal point insertion. 

aaaa: address of base of location of first word to be 
printed. 



3-2 



The Control Console 



Description of Operation. Print, on the Supervisory 
Printer, nn words from consecutively addressed locations, 
beginning with (B[aaaa]). The next word is taken from 
B[aaaa] + 1. And so forth. 

The abilities to control zero suppression and/or to print 
the contents of a location exactly as a word appears in 
core storage-^ — for example, to prevent the translation of 
an alphanumeric word — are controlled by four switches, 
two of them on the Control Console (the HOLD PZT 
to ZERO and PUNCH SUPPRESS— LEADING ZEROS), 
and two of them on the Supervisory Printer, (the MAP 
MEMORY— NORMAL and ZERO SUPPRESS— NOR- 
MAL). The function of these switches is described in 
detail in the Handbook of Operating Procedures for the 
BURROUGHS 220. 

Flow Chart. 



Register Status. 



Register 
name 


Contents after 
execution of SPO 


A 


Unchanged 




R 


Unchanged 




XJ 


i^iJLaaaaj ~r nn j.; 




B 


Unchanged 




P 
C 
E 




(rP)b + 1 






d 


0,0 


v 


0,9 B[aaaa] + nn - 


- 1* 




B[aaaa] + nn — 1* 





* If nn = 00, BCaaaa] + nn = B[aaaa] + 100. 



G>- 



CLEAR rE, rIB. 

(rC:04) -^rE. 
(rC:32) - 1 -^ rC:32. 



STORAGE 
ALARM STOP. 






(rlB) -*-rD. 



(rD:±l)#2 (rD:±l) = 2 



SET UP FOR ALPHA- 
NUMERIC TRANSLATION. 



I 



PRINT WORD 



(rC:32) = 00 I (rC:32) ^ 00 



(rC:04) + 1 -*- rC:04 



6 



OPERATION 
COMPLETE 



Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Digit Check ALARM STOP due to an impermissible 
configuration. 

3. Paper Tape ALARM STOP due to Supervisory 
Printer being in a not-ready status. 

Remarks. \ ^ 1 has the same effect as v = 0. 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 


Unchanged 




R 


Unchanged 




D 


Last word printed 




B 


Unchanged 




P 
C 

E 


(rP)b + 1 




d * * V 9 * * * 

1 1 1 r 


« 

1 


« * « « 



* * See flow chart, 

**** Address of location causing ALARM STOP. 



BRANCH, CONTROL SWITCH (BCS) 
Operation Code. 38 

d=1234567890 



rh 


u 


i,i ,i 0,P 


a a a a 



Instruction Format. 



Definitions. 

u: designates PROGRAM CONTROL SWITCH to 

be tested. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. If PROGRAM CONTROL 
SWITCH u is "on," branch to location B[aaaa], i.e., 
prepare to take the next instruction from B[aaaa]. If 
SWITCH u is "off," control continues in sequence. 
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Flow Chart. 



6 



CLEAR rE, rIB. 



PROGRAM CONTROL 
SWITCH U IS "ON." 



PROGRAM CONTROL 
SWITCH U IS "OFF." 



9. 



(rC:04) = B[aaaa]-^rP 



z 



OPERATION COMPLETE. 



Exceptional Conditions. None. 



Register Status. 



Register 
name 


Contents after 
execution of BCS 


A 
R 
D 
B 
P 

C 
E 


1 


Jnchanged 
Jnchanged 




± 


u 


i i i 

1 1 


3 8 

1 


a a a a 

1 1 1 


1 


Jnchanged 

B[aaaa], if SWITCH u is "on" 
(rP)„ + 1, if SWITCH u is "ofi 


?? 




u 


i i i 

1 1 


3,8 


Bfaaaa] 






Cleared 
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GENERAL 

Auxiliary storage capacity is provided through the me- 
dium of magnetic tape. The components of the magnetic- 
tape system are the Magnetic-Tape Control Unit, the 
Magnetic-Tape Storage Unit, and the DATAFILE* Unit. 

Magnetic tape is "edited" prior to its initial use to insure 
a flawless writing medium. It may be re-edited at any 
time. 

Additional protection of information recorded on mag- 
netic tape is afforded by the use of a file protect ring: it 
is possible to write or edit only on reels — used by the tape 
storage unit — which are not equipped with a file protect 
ring. On the DATAFILE Unit there is a Write Lock Out 
Switcli for each piece of tape plus a Master Lock Out 
switch for the entire unit; writing can occur only when 
the master switch and the appropriate individual switch 
are in the "write" position. 

Information is recorded on tape in blocks whose lengths 
may vary from ten to one hundred words; no two adja- 
cent blocks need be the same length. From one to ten 

kji\j\yx\.a may uk^ tv j. ill^^ii \jx i.\^tx\x vt±i.i± v/xh-> ±xioLj. i*^i.±v^xx. 

The first data word of a block is regarded as its keyword. 
It is possible to search' for a block with a given keyword. 
Once initiated, the searching operation is carried out 
independently of Data Processor control. 

Any one of the first ten words may identify a category. 
It is possible to "scan" for blocks belonging to a specified 
category. Once initiated, the scanning operation is car- 
ried out independently of the Data Processor. (Search 
and scan are executed in distinct and different manners. 
The nature of the execution of each will be described in 
detail.) 

Information is transferred between the Data Processor 
and magnetic tape at a nominal rate of 25,000 digits per 
second. 

THE MAGNETIC-TAPE STORAGE UNIT 

The Magnetic-Tape Storage Unit handles reels of mag- 
netic tape, each reel containing up to 3500 feet of tape 
plus a 12 foot conductive leader at each end; the reels 
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are 10-1/2 inches in diameter. Although the number of 
on-line tape storage units in a system cannot exceed ten, 
the number of reels of tape which can be used is limited 
only by the magnitude of the task to be accomplished. 

Recording on magnetic tape is accomplished by a read- 
write mechanism ( called the read-write head ) over which 
tape is moved as it is wound on or unwound from the 
feed and take-up reels. Actually, there are two heads on 
each unit, fixed in position with respect to each other, to 
permit the recording of two parallel lanes of information 
on each piece of tape. The lanes are distinguished as the 
"even" and "odd" lanes, or lanes and 1, respectively. 

The tape drive mechanism is capable of moving tape in 
either of two directions, from feed reel to take-up reel — 
the forward direction — or from take-up reel to feed reel 
— the backward direction. The direction in which tape 
will be moved is a function of the operation being per- 
formed ; it will be specified as each operation is described. 

THE DATAFILE UNIT 

The DATAFILE Unit holds fifty lengths of magnetic tape, 
each 270 feet in length (including a 6 foot conductive 
leader at each end), and each hanging freely in its own 
static-free bin. The bins are parallel to each other, so that 
the tapes are parallel to one another along their lengths. 

In the DATAFILE, however, the performance of a speci- 
fied operation which involves any one of the 100 lanes is 
accomplished by a single, movable read-write head mount- 
ed on the carriage assembly. The carriage assembly, which 
is driven across the width of the DATAFILE Unit on a 
horizontal support rod, can be positioned under any tape 
in the DATAFILE Unit. While the carriage assembly is 
moving, the read-write head is adjusted for either the 
even lane or the odd lane of the desired tape. Each lane 
in a DATAFILE Unit is distinguished uniquely by a two- 
digit number, in order, from 00 through 99. If we con- 
sider the tapes as numbered from 1 through 50, in order, 
from left to right, then tape number k contains lanes 
number 2k - 2 and 2k - 1. 

Tape can be driven from the forward section of the bin 
to the rear section of the bin — the forward direction — 
or from the rear section of the bin to the forward section 
of the bin — the backward direction. Only the selected tape 
is driven. 



* Trade-mark of the Burroughs Corporation. 

' By "searching" is meant the ability to locate in the tape file a speci fied block without the necessity of passing a substantial part of the 
file through the Data Processor in order to identify the desired block. The search operation will be defined more explicitly in context. 
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Logically, to the Magnetic-Tape Control Unit, the DATA- 
FILE Unit and tape storage units are indistinguishable. 
For this reason, in the description which follows, the text 
will not distinguish between the units unless some charac- 
teristic — capacity, for example — requires mention of the 
difference. 

TAPE FORMAT 

Magnetic tape used in a BURROUGHS 220 system has 
provision for recording two lanes of information, parallel 
to one another, along the length of each tape. In each 
lane six channels are recorded : channels one through four 
are used to record decimal-digital information in the 8, 
4, 2, 1 - binary code; channel five is used to provide an 
even-parity bit; and channel six is used for control pur- 
poses. 

In each lane the recording density is approximately 208 
digits per linear inch of tape. Tape is transported at the 
rate of 120 inches per second. The nominal transfer rate, 
therefore, is approximately 25,000 digits per second. 

Conductive leaders, spliced to each end of a length of 
magnetic tape, serve to indicate the physical beginning 
and end of the tape to the Data Processor. Once the con- 
ductive leader is reached, the magnetic tape can be driven 
no further without reversing its direction. 

Magnetic beginning-of^ape and end-of-tape are recorded 
during the editing process. During the editing process 
magnetic beginning-of-tape is overwritten by flaw mark- 
ers to insure that information cannot be recorded too near 
the physical beginning of the tape. The magnetic end-of- 
tape area is sufficiently long to permit both the comple- 
tion of any initial writing operation in progress when it 
is encountered as well as the initial writing of necessary 
end-'of-tape control blocks before physical end-of-tape is 
encountered. 



At least 6,500 hundred-word blocks will fit on a full 
3,500-foot reel of tape — allowing for magnetic beginning 
and end-of-tape and a nominal number of flaws. 

A block (of information) on magnetic tape is defined as 
the information which is recorded between two inter-block 
gaps (except for the last block, which is followed by blank 
tape in case all of the tape is not used, or by the magnetic 
end-of-tape). Associated with each block is a preface 
word. The preface word contains a two-digit number 
which specifies how many words are contained in the 
block with which the preface is associated. The manner 
of reading or writing the preface will be described. 

The minimum block size is ten words; the maximum 
block size is 100 words. An attempt to write a block of 
information whose length is less than ten words will re- 
sult in a Magnetic-Tape ALARM STOP unless the block 
is an end-of-tape block, where one word is designated. 
The format of the writing instructions precludes specifi- 
cation of a block length in excess of 100 words. 

A typical k-word-long block layout is shown in figure 
4-1. From the figure we obtain the information that a 
block of k words occupies space for 72 + 12k digits, 
including the space for one inter-block gap. However, 
only Ilk digits represent data useful to a program. Table 
4-1 shows how the percentage of useful information var- 
ies with block size. 

Since approximately 208 digits can be recorded per linear 
inch of tape, the number of digit spaces per 100 feet of 
tape in one lane is: 

Q.„ = 208 ^^ X 12 ^ X 100 feet 
mch loot 

= 250,000 digit spaces. 



Table 4-1. Percentage of useful data in a block 



Words per 
Block (k) 


Useful Data 

(Ilk) 


Total Digit 
Count (72 + 12k) 


% of Useful 
Data 


10 


110 


192 


57.3 


20 


220 


312 


70.5 


30 


330 


432 


76.3 


40 


440 


552 


79.7 


50 


550 


672 


81.8 


60 


660 


792 


83.3 


70 


770 


912 


84.4 


80 


880 


1,032 


85.2 


90 


990 


1,152 


85.9 


100 


1,100 


1,272 


86.4 
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Inter-block gap 



Preface word 



Preface gap 



Timing character 



First data word 
(Keyword) 



Keyword gap 



Timing character 



Second data word 



Timing character 



Third data word 



Timina; character 



kth data word 
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DIGIT SPACES 
identification Information and Timing 

— 30 

— 7 

— 10 



■ 11 

■ 1 
11 

1 
11 



-k -4* 



End-of -block character 



Erase gap 



-11 (k-4) ** 

1 

11 



1 
20 



72 



12k 



* Timing characters for words 4 through k — 1. 
** Digits for words 4 through k — 1. 



Figure 4-1. Block format (not to scale) 



THE EDITING PROCESS 

The editing procedure consists of an examination of 
magnetic tape to determine whether there are any imper- 
fections — i.e., flaws — on it, and the subsequent "dele- 
tion" of the flaws by preceding them with flaw markers. 
A sufficient number of flaw markers are recorded pre- 
ceding a flaw so that any block which is being written 
when the flaw-marked area is encountered can be com- 
pletely written before the actual flaw is encountered. Be- 
fore the next block is written, the remainder of the 
flaw-marked area and the flaw are skipped. 



MAGNETIC-TAPE STORAGE UNITS 

All Magnetic-Tape Storage Units are provided with the 
ability to edit tape. Prior to editing, however, it is nec- 
essary to distinguish two cases : new tape, and tape which 
has been used (i.e., which is to be re-edited). 

If the tape has been used, it should bear a label which 
can be verified, under program control, as identifying a 
tape which it is safe to edit. After verification, necessary 
monitoring information and/or directions to the operator 
can be printed on the Supervisory Printer, following 
which the editing procedure can be initiated. 
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Table 4-2. Number of blocks and words of useful data recorded in 
TOO feet of flaw-free tape in one lane 



Block 


Number 


Number of words 


size 


of blocks 


of useful data 


(k words) 


[250,000/(72 + 12k)] = B 


(W = B X k) 


10 


1,302.08 


13.020 


20 


801.25 


16,025 


30 


578.70 


17,361 


40 


450.28 


18,011 


50 


372.02 


18,601 


60 


315.65 


18,939 


70 


274.11 


19,187 


80 


242.24 


19,379 


90 


217.01 


19,530 


100 


196.54 


19,654 



If the tape is new, it will not bear a label for interroga- 
tion, but it is possible to distinguish tape which has no 
information written on it. If a MAGNETIC-TAPE READ 
(MRD) instruction is issued to a tape which is blank, 
tape motion will be started and continued in an effort to 
find written information; thus, the tape will be moved to 
the end, unless there is manual intervention. 

Tapes should be degaussed prior to each edit. 

The initiation of the editing procedure begins with the 
simultaneous depression by the operator of the EDIT 
indicator and the EDIT button on the tape storage unit. 
The precise sequence of steps to initiate editing is de- 
scribed in the Handbook of Operating Procedures for the 
BURROUGHS 220. Once initiated, editing is carried out 
independently of both the Magnetic-Tape Control Unit 
and the Data Processor. 

When the two EDIT buttons are depressed, tape movement 
starts in the forward direction. After reaching the physi- 
cal end-of-tape, the direction of motion is reversed. Tape 
movement ceases and the editing process has been com- 
pleted when the physical beginning-of-tape is reached. 
During these two passes the following are accomplished: 

1. At the beginning of the forward pass, magnetic 
beginning-of-tape (flux changes in all information 
channels) is written in both lanes simultaneously 
for approximately 10 feet. This will appear as flaw 
markers after editing is completed (see 4 below). 

2. During the remainder of the forward pass, the tape 
is "erased." 

3. At the beginning of the backward pass, magnetic 
end-of-tape (flux changes in the parity channel only) 
is written in both lanes simultaneously for approxi- 
mately 14 feet. 



4. During the remainder of the backward pass, when- 
ever a flaw is discovered in either lane, flaw mark- 
ers (flux changes in all information channels) are 
written simultaneously in both lanes. Magnetic be- 
ginning-of-tape appears to be covered with flaws and 
is overwritten with flaw markers. 

Of course, a tape label should be written after the editing 
process so that the tape may be identified, under program 
control, as one which has been edited and which is ready 
for initial writing. 

DATAFILE UNITS 

In DATAFILE Units, it is possible to edit all tapes auto- 
matically or to edit individual tapes. To edit all tapes, 
the Automatic Edit and Start Edit pushbuttons must be 
depressed simultaneously by the operator. Individual tapes 
are edited by depressing the Single Tape Edit and Start 
Edit pushbuttons simultaneously. Any tape to be edited 
must be in the "write" status. 

Each tape to be edited is driven back and forth a total 
of eight times (four times per lane) . 

1. In the first forward pass, magnetic flux is laid down 
at digit rate in all six channels of the lane. The 
polarity of this flux is reversed each digit time. 
Writing takes place to within one inch of the con- 
ductive leader on each end of the tape. 

2. During the first reverse pass, flux changes are read 
in all six channels of the lane. If a flux change is 
not read in every channel each digit time or if an 
extra flux change is read, a flaw is assumed. When 
a flaw is detected, the 2 channel is erased for a dis- 
tance of 55 words beyond the flaw. The 2 channel 
then resets to "read," and reading continues until 
another flaw is detected or until the beginning con- 
ductive leader is sensed. 
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3. In the second forward pass, the first 55 words of 
the 2 channel only are erased. The tape is then 
driven to the end conductive leader. 

4. During the second reverse pass, the control channel 
is erased completely. Flux changes are left in the 
parity channel for five feet. The remainder of the 
parity channel is then erased. As long as flux chang- 
es are sensed in the 2 channel, the 1, 4, and 8 
channels are erased. If the 2 channel has no flux 



change (marking a flaw), the flux changes in the 
1, 4, and 8 channels are retained for a distance of 
110 words. Then, the 1, 4, and 8 channels are again 
erased. This procedure is continued until the begin- 
ning conductive leader is sensed. 

After the beginning-of-tape conductive leader has been 
sensed, flux changes are written in the 1, 4, and 8 chan- 
nels for five feet. The read-write head is then moved to 
the second lane of the ta'^e and the above 'procedure is 
repeated. 



Table 4-3. Defining the end-of-tape block 



Operation 


Description of effect on 
encountering End-of-Tape Block 


MAGNETIC-TAPE IMTIAL WRITE (MIW) 

MAGNETIC-TAPE INITIAL WRITE, RECORD 
(MIR) 


Not applicable, since tape is newly edited. 


MAGNETIC-TAPE OVERWRITE (MOW) 

MAGNETIC-TAPE OVERWRITE, RECORD 
(MOR) 


If prefaces match, end-of-tape block is overwritten 
just like any other block. 
If prefaces do not match: 
L Terminate the operation; 

2. Position tape so "next" block can be written; 

3. Store (rP) in aaaa:04 and (rC:04) in aaaa:64; and 

4. Transfer control to B[bbbb] (i.e., B[bbbb] ^ rP). 


MAGNETIC-TAPE READ (MRD) 
MAGNETIC-TAPE READ, RECORD (MRR) 


1. No words are transferred to storage; 
^: TeT'min8.te the OT^eration" 

3. Position tape so "next" block can be read; 

4. Store (rP) in aaaa:04and (rC:04) in aaaa:64; and 

5. Transfer control to B[bbbb] (i.e., B[bbbb] -^ rP). 


MAGNETIC-TAPE SEARCH (MTS) 
MAGNETIC-TAPE FIELD SEARCH (MFS) 


1. When a tape is moving forward: 

a. Terminate the operation; and 

b. Position tape so end-of-tape block can be read. 

2. When tape is moving backward the end-of-tape block 
is treated as a normal block. 


MAGNETIC-TAPE SCAN (MTC) 
MAGNETIC-TAPE FIELD SCAN (MFC) 


1. Terminate the operation ; and 

2. Position tape so end-of-tape block can be read. 


MAGNETIC-TAPE POSITION 
FORWARD (MPF) 

MAGNETIC-TAPE POSITION 
BACKWARD (MPB) 

MAGNETIC-TAPE POSITION AT END OF 
INFORMATION (MPE) 


Treated as a normal block. 


MAGNETIC-TAPE REWIND (MRW) 

MAGNETIC-TAPE REWIND, 
DEACTIVATE (MDA) 


Rewind ignores all information written on tape. 



4-5 



The Magnetlc-Tape System 



Editing is performed independently of both the Data 
Processor and the Tape Control Unit. A "not ready" con- 
dition is established for the unit being edited. 

WRITING ON NEWLY EDITED TAPE 

The establishment of format on newly edited tape is ac- 
complished by execution of MAGNETIC-TAPE INITIAL 
WRITE (MIW) or MAGNETIC-TAPE INITIAL WRITE, 
RECORD (MIR) instructions. These instructions write 
the preface associated with each block as well as the 
block itself. MIW is used to write from one to ten blocks, 
all of which contain the same number of words; MIR is 
used to write from one to ten blocks, no two of which 
need to contain the same number of words. 

Two kinds of blocks are used to provide terminal-condi- 
tion control : one is called an "end-of-tape block," the 



other a "control block." Except for its contents, each of 
these blocks is completely defined by the manner in which 
it is regarded during the execution of instructions. Table 
4-3 defines the end-of-tape block; Table 4-4 defines the 
control block. The reader is cautioned that some of the 
defining conditions will become more meaningful only 
after he has a grasp of the manner in which instructions 
are executed. 

The end-of-tape block is a one-word block, i.e., its preface 
is 01, which occupies the space of a ten-word block when 
it is written on tape. An end-of-tape block is the only 
block which can be written if the preface specified is less 
than ten. A block length of 02 through 09 will cause a 
Magnetic-Tape ALARM STOP to occur. 

The first word of the end-of-tape block is the only word 
of the block which contains information relevant to the 



Table 4-4. Defining the control block 



Operation 


Description of effect on 
encountering Control Block 


MAGNETIC-TAPE INITIAL WRITE (MIW) 
MAGNETIC-TAPE INITIAL WRITE, 
RECORD (MIR) 


Not applicable, since tape is newly edited. 


MAGNETIC-TAPE OVERWRITE (MOW) 
MAGNETIC-TAPE OVERWRITE, 
RECORD (MOR) 


If prefaces match, control block is overwritten. 
If prefaces do not match, a Magnetic-Tape 
ALARM STOP occurs. 


MAGNETIC-TAPE READ (MRD) 
MAGNETIC-TAPE READ, RECORD (MRR) 


L All words but the control word, the last word, are 
transferred to memory ; 

2. Terminate the operation; 

3. Position tape to read the next block; 

4. Store (rP) inaaaa:04and (rC-041 inaaaa:64; and 

5. Transfer control to B[bbbb] (i.e., B[bbbb] -^ rP). 


MAGNETIC-TAPE SEARCH (MTS) 
MAGNETIC-TAPE FIELD SEARCH (MFS) 


Treated as a normal block. 


MAGNETIC-TAPE SCAN (MTC) 
MAGNETIC-TAPE FIELD SCAN (MFC) 


L Terminate the operation; and 

2. Position tape so control block can be read. 


MAGNETIC-TAPE POSITION 
FORWARD (MPF) 

MAGNETIC-TAPE POSITION 
BACKWARD (MPB) 

MAGNETIC-TAPE POSITION AT END OF 
INFORMATION (MPE) 


Treated as a normal block. 


MAGNETIC-TAPE REWIND (MRW) 

MAGNETIC-TAPE REWIND, 
DEACTIVATE (MDA) 


Rewind ignores all information written on tape. 
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program (the rest of the block written on tape is an erase 
block which automatically is supplied by thfe tape control 
unit ) . The format of the relevant word is the following : 
± ii aaaa bbbb. The sign digit may be used to specify 
B-register address-modification of bbbb when the control 
word is read; ii are not relevant; aaaa is the address of 
the location in which will be stored information enabling 
the program to determine the circumstances in which the 
end-of-tape block is encountered (see Table 4-3), and 
B[bbbb] is the address of an alternate instruction, that 
is, the address of the location to which control is trans- 
ferred when the block is encountered. 

A control block is a uniquely identified block, namely 
any block, with the exception of an end-of-tape block, 
with a 7 in the sign-digit position of the keyword.^ End- 
of-tape blocks cannot also be used as control blocks: if 
an end-of-tape block has a 7 in the sign-digit position of 
the control word, the 7 will not be recognized as desig- 
nating a control block. 

The last word of a control block is a control word which 
has the same format as the control word in an end-of-tape 
block. The control word in a control block serves the 
same function as the control word in an end-of-tape block. 
( See Table 4-4 for details. ) 

A MPE instruction should precede the first MIW or MIR 
instruction issued to a particular tape to position the tape 
at the end of the magnetic beginning-of-tape flaw markers. 
The writing of the first preface does not begin until an 
amount of blank tape equivalent to inter-block gap is 
passed. The writing of each subsequent preface is subject 

I. .1-- - i-_'-if... . .C-.. ^1 -1 ri-i -K .1 1-- 

lu inc same icsiiiuiiuii ; aiici iiic ciiu-ui-uiuuii. uiiaiauici 

and erase gap are written — or sensed, if another MIW 
or MIR instruction is issued — writing is inhibited until 
an amount of tape equivalent to inter-block gap is passed. 
In this manner, writing in the flaw-marked area at the 
beginning of tape is prevented; also, writing over a flaw 
is prevented, since a flaw-marked area preceding an im- 
perfection is long enough to permit the completion of the 
writing of any maximum-length block if the flaw-marked 
area is encountered while writing is in process. 

The magnetic end-of-tape condition is established at the 
completion of the operation if magnetic end-of-tape is 
encountered during the execution of a MIW or MIR in- 
struction. The writing operation will be completed : during 
the editing process the amount of tape marked as mag- 
netic end-of-tape is more than sufficient to permit the 
completion of any instruction which may be in progress 
at the time magnetic end-of-tape is encountered as well 
as the writing of the control information. 

Every MIW and MIR instruction must either be preceded 
or followed by a MAGNETIC-TAPE INTERROGATE 
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END-OF-TAPE, BRANCH (MIE) instruction to deter- 
mine whether magnetic end-of-tape was encountered by 
the last MIW or MIR instruction. It is imperative that 
the MIW or MIR operation be completed before initiating 
the MIE instruction. The MIE, therefore, must be im- 
mediately preceded by a MAGNETIC-TAPE INTERRO^ 
GATE, BRANCH (MIB) instruction. 



Example : 








Location 


Control 


Op 


Address 


1000 


1000 


MIB 


1002 


1001 




BUN 


1000 


1002 


1001 


MIE 


yyyy 


1003 


1101 


MIW 


aaaa 



If magnetic end-of-tape was encountered, a control or 
end-of-tape block must be written to identify the end of 
information, 

SEARCH 

MAGNETIC-TAPE SEARCH (MTS) is an instruction 
which provides the ability to locate in a tape file a speci- 
fied block. The block specified is the one whose first 
word, or keyword, is identical with a specified search 
key. The sign digit is excluded from the search key. Once 
initiated, searching is done under direction of the Mag- 
netic-Tape Control Unit, independently of the Data Proc- 



The searching operation is executed as follows: tape is 
moved first in the forward direction until a block is 
encountered whose keyword is greater than or equal to 
the search key.^ The direction of tape motion is then 
reversed; tape moves backward until one of two events 
occurs : 

1. A block is found whose keyword is identical with 
the search key. In this case the operation terminates 
with tape positioned so that the head can read the 
block whose keyword is identical with the search 
key. 

2. A block is found whose keyword is less than the 
search key. In this case, the direction of tape motion 
is again reversed, and tape is moved in the forward 
direction. Tape movement stops with the head near 
the end of the block whose keyword is less than 
the search key. The head is in position to read the 
next block, that is, the first block whose keyword is 
greater than the search key. 

It is apparent from this last statement that a searching 
operation may terminate with the tape positioned so the 



As will be seen, the sign-digit position of the keyword cannot be included in the search key ; that is, the contents of the sign-digit position 
cannot be used as part of the keyword of a block. The sign-digit is also excluded from scan key. 

In case an end-of-tape block is encountered during a searching operation, the operation is modified as indicated in Table 4-3. 
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head can read a block whose keyword is different from 
the search key. Hence, it is necessary to verify, under 
program control, that the block sought has been found. 

It should be noted, also, that the nature of the searching 
operation imposes one important requirement on the 
structure of a file: the blocks which are written in any 
lane must be arranged in order of increasing keywords, 
from beginning to end, if the searching operation is to be 
used. Techniques for partitioning a lane so that it may 
contain a part or all of more than one file must also order 
each file within partitions. 

It is possible to execute a search instruction using a par- 
tial-word search key. The definition of the partial-word 
boundaries, sL, must be pre-set in the two high-order digit 
positions in the B-register [that is, sL = (rB:82)]. The 
instruction is MAGNETIC-TAPE FIELD SEARCH 
(MFS). 

SCAN 

MAGNETIC-TAPE SCAN (MTC) is an instruction which 
provides the ability to locate blocks having a code which 
categorizes the blocks as belonging to a certain class; for 
example, from an accounts receivable file we may wish 
to examine the record of every account which is delin- 
quent. 

The category code of a block may be in any one of the 
first ten words of the block. The sign-digit position of a 
word is excluded from the category code. 

The scanning operation is executed as follows: tape is 
moved in the forward direction in an attempt to locate 
a block whose category code is identical with the scan 
key. The operation will terminate when either of two 
events occurs : 

1. A block is found whose category code is identical 
with the scan key. The operation terminates with 
the head in position to read the block whose cate- 
gory code is identical with the scan key. Or, 

2. A control block or end-of-tape block is encountered, 
in which case the operation terminates with the head 
in position to read the control or end-of-tape block. 

Note that a scanning operation can terminate without 
having located a sought-for block. Hence, it is necessary 
to verify, under program control, that a sought-for block 
has been found. 

It is possible to execute a scanning operation using a 
partial-word scan key. The definition of the partial-word 
boundaries, sL, must be pre-set in the two high-order digit 
positions in the B-register [that is, sL = (rB:82)]. 
The instruction is MAGNETIC-TAPE FIELD SCAN 
(MFC). 



READING 

It is possible to read from one to ten blocks with one 
instruction. If these blocks are all the same length, a 
MAGNETIC-TAPE READ (MRD) instruction is exe- 
cuted. The first word of the first block read (the keyword 
of that block) is stored in memory in the location whose 
address is specified in the MRD instruction. Succeeding 
words of the first, and all following blocks, are written 
into consecutively addressed locations following the loca- 
tion whose address is specified in the instruction. 

If the blocks to be read are of variable lengths, i.e., their 
lengths are not known to the program in advance, a 
MAGNETIC-TAPE READ, RECORD (MRR) instruction 
is executed. This instruction causes the preface (which 
specifies how many words are contained in the block) 
associated with each block to be read into storage im- 
mediately preceding the first word of the associated 
block. Suppose, for example, that the instruction orders 
three blocks to be read, that the address specified in the 
instruction is 1001, and that the three blocks are, in or- 
der, 23, 37, and 17 words long. Figure 4-2 shows the 
allocation of storage after completion of the instruction. 

Note that the preface occupies the two high-order digit 
positions of the location in which it is stored. 

Note also that Figure 4-2 shows the allocation of storage 
required for the execution of a MAGNETIC-TAPE INI- 
TIAL WRITE, RECORD instruction. 



Location 


Contents 


1001 


2300 00 0000 (preface of first block) 


1002 


Keyword of first block 


1024 


23rd word of first block 


1025 


3700 00 0000 (preface of second 




block ) 


1026 


Keyword of second block 


1062 


37th word of second block 


1063 


1700 00 0000 (preface of third 




block) 


1064 


Keyword of third block 


1080 


] 7th word of third block 



Figure 4-2. Example of allocation of storage on 
execution of MRR 
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It is possible for a read instruction to be terminated with- 
out having read as many blocks as are specified in the 
instruction. This event may occur in case a control or 
end-of-tape block is encountered during the operation. 
The consequences of encountering a control or end-of^ 
tape block during a reading operation are specified in 
Table 4-4 and Table 4-3, respectively. 

OVERWRITING 

The Magnetic-Tape System of the BURROUGHS 220 fea- 
tures the ability to modify information already recorded 
on tape. That is, the contents of any block may be al- 
tered, as required, without the need to copy the entire 
tape. This ability is provided by two instructions, MAG- 
NETIC-TAPE OVERWRITE (MOW) and MAGNETIC- 
TAPE OVERWRITE, RECORD (MOR). 

The execution of these instructions differs from the exe- 
cution of the corresponding MIW and MIR instructions 
only in these essential respects: 

1. It is not possible to execute MOW or MOR on 
newly-edited tape. If an attempt is made to overwrite 
on newly-edited tape, the tape will be moved to the 
physical end-of-tape marker, unless there is manual 
intervention. 

2. Before overwriting begins, the preface written on 
tape is compared with the preface specified by the 
instruction. If the prefaces are identical, the block 
on tape will be overwritten; otherwise, a Magnetic- 
Tape ALARM STOP will occur, unless the mismatch 
occurs with an end-nf-tane block. (See Table 4-2 ) 

The contents of a control block or end-of-tape block may 
be modified using the MOW or MOR instructions. 

POSITIONING 

MAGNETIC-TAPE POSITION FORWARD (MPF) and 
MAGNETIC-TAPE POSITION BACKWARD (MPB) 
permit tape to be moved forward or backward, respec- 
tively, passing over from one to ten blocks. Once initiated, 
these instructions are executed under direction of the 
Magnetic-Tape Control Unit, independently of the Data 
Processor. 

MAGNETIC-TAPE POSITION AT END OF INFORMA- 
TION (MPE) moves tape, positioning it so that the read- 
write head is near the end of the last block written (that 
is, near the end of information), ready to initial write 
the next block. 

MAGNETIC-TAPE REWIND (MRW) and MAGNETIC- 
TAPE REWIND, DE-ACTIVATE (MDA) allow tape to 
be rewound at the direction of the program. Once ini- 
tiated, these instructions are executed under direction of 
the Magnetic-Tape Storage Unit or DATAFILE Unit, 
independently of both the Data Processor and the Mag- 
neticTape Control Unit. On a Tape Storage Unit the 



MDA instruction differs from MRW in one essential re- 
spect: MDA causes interlock to be set; the interlock must 
be released manually by the system operator before the 
tape unit specified can be used by the program. If an 
instruction refers to a unit which is inoperative because 
the interlock has not been released, a Magnetic-Tape 
ALARM STOP will occur. On a DATAFILE Unit the 
MDA functions in the same manner as a MRW. 
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the positioning of a read-write head in a specified lane 
without any tape motion. 

INTERROGATION 

MAGNETIC-TAPE INTERROGATE, BRANCH (MIB) 

perm.its the program to determine if a designated tape 
unit is ready to be used. If the unit queried is ready, con- 
trol is transferred. If the unit is not ready, or turned off, 
control will continue in sequence. 

INPUT SIGN CONTROL 

MAGNETIC-TAPE READ and MAGNETIC-TAPE READ, 
RECORD may be coded to permit B-register address- 
modification of designated words read from magnetic 
tape. 

B-register address-modification can occur only if (rC:41) 
/8=1. The word read from tape is examined in the D 
register to see if B-register address-modification is desig- 
nated. 



will occur; at the same time, (rD:±:l)/8 is set to 
zero. 

2. If (rD:zhl)/8 = 0, no modification of the word 
read from tape will occur. 

There is one exception to the above ; if B-register address- 
modification of a control word (in a control or end-of- 
tape block) is intended, the sign digit of the control word 
should be odd. Then, when the control word is read, 
B-register address^modification will occur no matter how 
the instruction is coded. 

PARITY CHECKING 

As noted above, every digit is written on magnetic tape 
with an even-parity bit. A parity error can be detected, 
however, only during the portion of an operation in 
which the read-write head is in "read" status. For exam- 
ple, the head is in "read" status during an entire search- 
ing operation. 

Generally speaking, the detection of parity errors falls 
into two classes: 

1. The detection of errors in the part of the block 
which is relevant to the instruction being executed. 
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(For example, the block keyword when searching; 
the entire block when reading.) This is called a 
Class I error. 

2. The detection of errors in a part of the block which 
is not relevant to the instruction being executed. 
(For example, all words other than the block key- 
word when searching.) This is called a Class II 
error. 

In the BURROUGHS 220, only parity errors which fall 
into the first class are detected. The detection of Class II 
errors is ignored. Table 4-5 defines the Class I errors. 

In conclusion, two statements can be made about parity 
errors: 

1. The detection of a parity error has priority over 
any other kind of error which might occur simul- 
taneously. For example, during the performing of 
a MAGNETIC-TAPE OVERWRITE instruction sev- 
eral kinds of errors may occur. Among these could 



be a parity error in the preface or a preface mis- 
match. (See page 4-20.) Should both of these errors 
occur in the same preface, the parity error has pri- 
ority over the preface mismatch. 

2. The initial detection of a parity error results, auto- 
matically, in two attempts to repeat the operation 
during which the error is detected in an attempt to 
eliminate the detected error. For example, if the 
error is detected during MAGNETIC-TAPE READ, 
two additional attempts will be made to read the 
block. In case the parity error cannot be eliminated, 
a Magnetic-Tape ALARM STOP will occur. Tape 
movement will stop with the head positioned to read 
the block in which the error was detected. 

In MRD and MRR the block in question will have been 
read from tape and stored in core storage. If the error 
is a forbidden combination the 8 bit of the digit in error 
will be suppressed. 



Table 4-5. Definition of Class I parity errors 



Operation 


Location of Error 


Remarks 


MAGNETIC-TAPE SEARCH 

MAGNETIC-TAPE FIELD 
SEARCH 


L Keyword 

2. Preface of end-of-tape 
block 


1. Correct keyword, but appears to be 

a. incorrect. 

b. correct (if the parity bit is "dropped"). 

2. Incorrect keyword, but appears to be 

a. correct. 

b. incorrect. 

3. End-of-tape block must be recognized. 


MAGNETIC-TAPE SCAN 

MAGNETIC-TAPE FIELD 

SCAN 


L Category code. 

2. Control block marker- 
digit in keyword of block. 

3. Preface of end-of-tape 
block. 


1. Correct category code, but appears to be 

a. incorrect 

b. correct (if the parity bit is "dropped"). 

2. Incorrect category code, but appears to be 

a. correct. 

b. incorrect. 

3. Control block must be recognized. 

4. End-of-tape block must be recognized. 


MAGNETIC-TAPE READ 

MAGNETIC-TAPE READ, 
RECORD 


1. Entire block. 

2. Preface. 

3. Control block marker-digit 
in keyword of block. 


L Control block must be recognized. 
2. End-of-tape block must be recognized. 


MAGNETIC-TAPE OVER- 
WRITE 

MAGNETIC-TAPE OVER. 
WRITE, RECORD 


1. Preface 


1. Correct preface, but appears to be 

a. incorrect. 

b. correct (if parity bit is "dropped"). 

2. Incorrect preface, but appears to be 

a. correct. 

b. incorrect. 

3. Parity has priority over preface mismatch. 
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DIGIT-COUNT/WORD-COUNT CHECKING 

Preceding every word written on tape is a timing charac- 
ter. During reading operations this character is used by 
the Magnetic-Tape Control Unit to verify that every word 
read is 11 digits long. 

During reading operations the preface associated with 
the block being read is used by the Magnetic-Tape Con- 
trol Unit to verify that all of the data words in the block 
have been read. 

If, during a reading operation, the digit count and/or 
the word count fail to check, two additional attempts will 
be made to read the block in question. These re-tries are 
made automatically under direction of the Magnetic-Tape 
Control Unit. If the digit count or the word count fails 
to check in both of these attempts to read the block, a 
Magnetic-Tape ALARM STOP will occur, with the read- 
write head in position to read the block in which the 
error occurred. 

The questionable block will have been read from tape and 
stored in core storage. 

INFORMATION FLOW 

The general nature of information flow during input and 
output was discussed in Chapter 2. In some details, how- 
ever, the flow of information during execution of mag- 
netic-tape operations is different from that indicated in 
Chapter 2. For this reason, the flow of information is 
described again below. 



Input flow is shown in Figure 4-3. 

1. (rD:00) — the D register contains an image of the 
instruction brought from storage during the Fetch 
Phase — are transferred to the T register in the Mag- 
netic-Tape Control Unit. 

2. The address part of the C register — which specifies 
the location in storage where the first word read 
from tape will be stored — is copied into the four 
high-order digit positions of the C register, that is, 
(rC:04) -> rC:44. This address is preserved in case 
a parity error is detected or the digit-count/word- 
count check fails and an attempt is made — under 
machine control — to re-read the block in which the 
error is detected: the Data Processor must have the 
address of the location into which is to be written 
the first word of the block read from tape. 

3. The address part of the C register — which specifies 
the location in storage where the next word read 
from magnetic tape is to be stored — is transferred 
to the E register. At the same time, the address part 
of the C register is counted up 1. 

4. The next word on tape is read and transferred to 
the D register. 



5. The contents of the D register are then transferred 
to the IB register, with or without B-register modi- 
fication as specified and indicated. 

6. The contents of the IB register are transferred to 
storage. If all of the words of the block have not 
been read, there is a return to step 3 for the next 
word. 

If all of the blocks, as specified by the instruction, have 
not been read, there is a return to step 2 to prepare for 
reading the next block. 

Such modifications in the flow as are required when a 
control or end-of-tape block is encountered will be ex- 
plained in the description of the Execute Phase of the 
appropriate instruction. 
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Figure 4-3. Input flow. 

OUTPUT FLOW 

Output flow is shown in Figure 4-4, 

1. (rD:00) — ^the D register contains an image of the 
instruction brought from storage — are transferred 
to the T register. 

2. The address part of the C register — which specifies 
the location in storage from which will be taken 
the first word to be written on tape — is copied into 
the four high-order digit positions of the C register, 
that is, (rC:04) -^ rC:44. 

3. The address part of the C register — ^which specifies 
the location in storage from which will be taken 
the next word to be written on tape — is transferred 
to the E register. At the same time, the address part 
of the C register is counted up 1. 

4. The word is transferred from storage to the IB 
register. 
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5. The contents of the IB register pass through the 
adder to the Magnetic-Tape Control Unit and thence 
to the designated tape unit, with the low-order digit 
of the word written first. 

If all of the words of the block have not been written, 
there is a return to step 3 for the next word. 

If all of the blocks, as specified by the instruction, have 
not been written, there is a return to step 2 to prepare for 
writing the next block. 
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Figure 4-4. Output flow. 

USE OF BURROUGHS 205 
MAGNETIC TAPE 

It is possible to read from magnetic tape which has been 
prepared by a BURROUGHS 205 system by using a 
205/220 Magnetic-Tape Converter. 

The reader may recall that a word is written on BUR- 
ROUGHS 205 magnetic tape with sign digit first, low- 
order digit last. BURROUGHS 220 tape, on the other 
hand, is written with low-order digit first, sign digit last. 

It is necessary, therefore, to invert the order of the digits 
in a word which may be written on BURROUGHS 205 
tape before the word can be processed in the BUR- 
ROUGHS 220. This may be accomplished, by means of 
an inversion program in the BURROUGHS 220, after the 
word has been read. 

EXCEPTIONAL CONDITIONS 

Following is a list summarizing conditions which can 
occur and are detected by the BURROUGHS 220. In ad- 
dition to those enumerated below, a Storage ALARM 
STOP (nonexistent address) and Program Check ALARM 
STOP (field overflow) can occur. 



A Magnetic-Tape ALARM STOP will occur: 

L Whenever a failure in parity is detected and attempts 
to eliminate the error have not been successful. Par- 
ity errors are defined by Table 4-5. 

2. During a reading operation if either the digit count 
(per word) or the word count (per block) fails to 
check. 

3. If an instruction specifies the writing of a block 
whose length is 2, 3, 4, 5, 6, 7, 8, or 9 words. 

4. If the two prefaces are not identical during the exe- 
cution of a MOW or MOR instruction and the block 
on tape is not an end-of-tape block. 

5. If an attempt is made to write on a unit which is 
in not-write status. 

6. If the next instruction is one which initially moves 
tape in the forward direction when the tape is posi- 
tioned at physical end-of-tape. 

If physical end-of-tape is sensed during the execution of 
MTS, MFS, MTC, MFC, or MPF instructions, an "oper- 
ation complete" signal will not be generated. Manual in- 
tervention is required before processing can proceed. 

If physical beginning-of-tape is sensed during the exe- 
cution of MTS, MFS, or MPB instructions, an "operation 
complete" signal will not be generated. Manual interven- 
tion is required before processing can proceed. 

7. If the unit referred to by an instruction is inoper- 
ative. 

THE EXECUTE PHASE 

The remainder of Chapter 4 is devoted to a description 
of the Execute Phase of all the instructions which refer 
to magnetic tape. 

MAGNETIC-TAPE SEARCH (MTS) 
MAGNETIC-TAPE FIELD SEARCH (MFS) 
MAGNETIC-TAPE LANE SELECT (MLS) 
MAGNETIC-TAPE REWIND (MRW) 
MAGNETIC-TAPE REWIND, DE- ACTIVATE (MDA) 
Operation Code. 50 

±1234567890 
Instruction Format. 

Definitions. 

u: designates tape unit. 

hh: if u is a tape storage unit, lane or 1 is selected 
according as hh is an even or odd number, 
if u is a DATAFILE Unit, lane hh is selected. 



± 


u 


h h 

1 


V 


0,P 


a a a a 

1 1 1 
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v: variation designator: 

V = 0: ± = or 1: MAGNETIC-TAPE 

SEARCH will be executed. 

± = 4 or 5: MAGNETIC-TAPE 

FIELD SEARCH will be executed. 

V = 4: MAGNETIC-TAPE LANE SELECT 

will be executed. 

V — o. iviDLVji>ijLii i\^- i/\r jii iiri, w li'NJU' wm Dc 

executed. 

V = 9: MAGNETIC-TAPE REWIND, DE-AC- 

TIVATE will be executed. 

aaaa: v = 0, 1, 2. 3 address of base of location of 
search key. 

V ^ 0, 1. 2, 3 aaaa is not relevant to the execu- 

tion of these instructions. 

Description of Operation. 

V = 0, ± =^ 4 or 5: MAGNETIC-TAPE SEARCH will 
be executed. Search on unit u, in the lane specified by 
hh, for the block whose keyword is identical with 
(B[aaaa]:OOL the search key. When the block sought 
has been found, the operation will terminate with the 
read-write head positioned to read the desired block. 
After MAGNETIC-TAPE SEARCH is initiated, it is exe- 
cuted under control of the Magnetic-Tape Control Unit, 
independently of the Data Processor. 

V = 0, =b = 4 or 5: MAGNETIC-TAPE FIELD SEARCH 
will np executed. Search on unit u. in the lane specified 
by hh, for the block, the corresponding part of whose 
keyword is identical with (B[aaaa] :sL), the partial-word 
search key. The partial-word boundaries are defined by 
(rB:82) = sL. When the block sought has been found, 
the operation will terminate with the read-write head po- 
sitioned to read the desired block. 

After MAGNETIC-TAPE FIELD SEARCH is initiated, 
it is executed under control of the Magnetic-Tape Control 
Unit, independently of the Data Processor. 

V = 4: MAGNETIC-TAPE LANE SELECT will be exe- 
cuted. On unit u, select the read-write head in the lane 
specified by hh. There is no tape movement. After MAG- 
NETIC-TAPE LANE SELECT is initiated it is executed 
under control of the Magnetic-Tape Control Unit, inde- 
pendently of the Data Processor. 

V = 9: MAGNETIC-TAPE REWIND, DE-ACTIVATE 
will be executed. Rewind unit u to the physical begin- 
ning-of-tape marker. At completion of the rewind, select 
the read-write head in the lane specified by hh. Then, 
de-activate the unit. 

On a DATAFILE Unit, rewind tape containing lane hh on 
unit u. At completion of rewind, position head under lane 
hh. Unit is not de-activated. 



After MAGNETIC-TAPE REWIND, DE-ACTIVATE is 
initiated, it is executed under control of the magnetic-tape 
unit, independently of both the Data Processor and Mag- 
netic-Tape Control Unit. MAGNETIC-TAPE REWIND. 
DE-ACTIVATE will operate the same as a MAGNETIC- 
TAPE REWIND when the unit addressed is a DATAFILE 
Unit. 

V = 8: MAGNETIC-TAPE REWIND will be executed. 
Except that the unit is not de-activated, this variation is 
the same as that executed when v = 9. 

Exceptional Conditions. 

1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Program Check ALARM STOP. The test for field 
overflow is made before initiating the searching op- 
eration : if field overflow is detected, there will be no 
tape movement. 

3. Magnetic-Tape ALARM STOP caused by parity er- 
ror, end-of-tape error, or unit not ready. 

Remarks. 

1. The MAGNETIC-TAPE SEARCH or MAGNETIC- 
TAPE FIELD SEARCH variation will be selected 
for execution if v = 0, 1, 2, or 3. Which of MTS 
or MFS will be selected is determined by the sign 
digit of the instruction. 

2. The MAGNETIC-TAPE LANE SELECT variation 
will be selected for execution if v = 4, 5, 6, or 7. 

3. The nature of the searching operation is defined as 
follows : Tape movement starts in the forward direc- 
tion and continues in that direction until one of 
two events occurs: 

a. A block is encountered whose keyword is greater 
than or equal to the search key ; or 

b. An end-of-tape block is encountered. When an 
end-of-tape block is encountered, the operation is 
terminated with the head in position to read the 
end-of-tape block. 

When (a) occurs, the direction of tape motion is re- 
versed. Tape continues to move in the backward direction 
until one of two events occurs : 

c. A block is encountered whose keyword is equal 
to the search key. In this case, the operation 
terminates with the head positioned to read the 
block whose keyword is identical with the search 
key. 

d. A block is encountered whose keyword is less 
than the search key. 

When (d) occurs, the direction of tape motion is again 
reversed. Tape moves in the forward direction until the 
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read-write head is near the end of the block whose key- 
word is less than the search key: tape movement stops 
with the head in position to read the block following the 
one whose keyword is less than the search key. That is, 
tape movement ceases with the head in position to read 
the first block whose keyword is greater than the search 
key. 

4. As a result of the definition of the searching opera- 
tion, it can happen that an instruction to search will 
fail to find the sought-for block. It is necessary, 
therefore, to verify under program control that an 
instruction to search has in fact found the desired 
block. 

5. As a result of the definition of the searching opera- 
tion, an order structure is imposed on a file, or that 
part of it which is in one lane, if it is one in which 
searching is to be done: the file must be set up so 
that the blocks are in ascending sequence by key- 
word. 

6. If the keyword of every block on a tape is greater 
than the search key, the conductive leader which 
marks the physical beginning-of-tape will be encoun- 
tered during the backward pass after the first block 
has been passed. Tape movement — and, hence, 
searching — stops when the conductive leader is 
sensed. No "operation complete" signal is generated, 
however; so, the Magnetic-Tape Control Unit will 
appear to be busy if a MIB instruction is issued or 
if an attempt is made to use tape. Manual interven- 
tion is required in order to proceed with processing. 

In a properly established file this event will not occur. 

7. If the keyword of every block on tape is less than 
the search key, and if the tape is not bounded by an 
end-of-tape block, the conductive leader which marks 
the physical end-of-tape will be encountered dur- 
ing the forward pass after the last block has been 
passed. Tape movement — and, hence, searching — 
stops when the conductive leader is sensed. No "op- 
eration complete" signal is generated, however; so, 
the Magnetic-Tape Control Unit will appear to be 
busy if a MIB instruction is issued or if an attempt 
is made to use tape. Manual intervention is required 
in order to proceed with processing. 

In a properly established file this event will not occur. 

8. If the Magnetic-Tape Control Unit is directing a 
searching operation at the time another magnetic- 
tape instruction is issued — with the exception of 
MIB and MIE instructions — the Data Processor will 
wait for an "operation complete" signal from the 
Magnetic-Tape Control Unit before attempting to 
complete the execution of the instruction. 

9. If a tape unit is rewinding at the time another mag- 
netic-tape instruction is issued (with the exception 



of MIB and MIE instructions) the Data Processor 
will wait for an "operation complete" signal from 
the referenced tape unit before attempting to com- 
plete the execution of the instruction. If the rewind- 
ing instruction is MDA, manual intervention is 
required before processing can be continued on that 
unit. 

10. Blank tape — that is, tape on which no information 
is recorded — is treated as inter-block gap. 

11. The sign digit cannot be included in a partial-word 
search key. If it is, a Program Check ALARM STOP 
will occur. 

MAGNETIC-TAPE SCAN (MTC) 

MAGNETIC-TAPE FIELD SCAN (MFC) 

Operation Code. 51 



±1234567890 



± 


u 


h h 

1 


k 


0,P 


a a a a 

1 1 1 



Instruction Format. 

Definitions. 

±: if ±: is odd, B-register address-modification will 
occur; otherwise, there will be no such modifi- 
cation. 

± = 4 or 5: MAGNETIC-TAPE FIELD SCAN 
will be executed. 

u : designates magnetic-tape unit. 

hh: if u is a tape storage unit, lane or 1 is selected 
according as hh is an even or odd number; 
if u is a DATAFILE Unit, lane hh is selected. 

k: specifies in which word of a block the category 

code will be found. If k = 0, the tenth word of 
the block contains the category code. 

aaaa: address of base of location of scan key. 
Description of Operation. 

^ 1 or 5: MAGNETIC-TAPE SCAN will be executed. 

an on unit u, in the lane specified by hh, for the block 

vhose category code in the k-th word is identical with 

(B[aaaa] :00), the scan key. When the block sought has 

been found, the operation will terminate with the head 

positioned to read the sought-for block. 

After MAGNETIC-TAPE SCAN is initiated, it is executed 
under control of the Magnetic-Tape Control Unit, inde- 
pendently of the Data Processor. 

± = 4 or 5: MAGNETIC-TAPE FIELD SCAN will be 
executed. Scan on unit u, in the lane specified by hh, for 
the block the corresponding part of whose category code 
in the k-th word is identical with (B[aaaa] :sL), the scan 
key. The partial-word boundaries are defined by (rB:82) 
= sL. When the block sought has been found, the opera- 
tion will terminate with the head positioned to read the 
sought-for block. 
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After MAGNETIC-TAPE FIELD SCAN is initiated, it is 
executed under control of the Magnetic-Tape Control 
Unit, independently of the Data Processor. 

Exceptional Conditions. 

1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Program Check ALARM STOP. The test for field 
overflow is made before initiating the searching 
operation: if field overflow is detected, there will 
be no tape movement. 

3. Magnetic-Tape ALARM STOP caused by parity er- 
ror, end-of-tape error or unit not ready. 

Remarks. 

1. The nature of the scanning operation is defined as 
follows: tape movement starts in the forward direc- 
tion and continues in that direction until one of 
two events occurs: 

a. A block is encountered whose category code is 
identical with the scan key ; or 

b. A control block or end-of-tape block is encoun- 
tered. In either case, the operation terminates 
with the head positioned to read the block which 
caused the operation to terminate. 

2. Note, therefore, that both MTC and MFC can termi- 
nate without having found a sought-for block. It is 
necessary, therefore, to verify under program con- 
trol that a sou'^'ht-for block hs° bs'*" -fi-kunz-i 

3. These two operations do not require an ordered file. 

4. If there is no block on tape whose category code is 
identical with the scan key, and if the tape is not 
bounded by a control block or end-of-tape block, 
the conductive leader which marks the physical end- 
of-tape will be encountered after the last block has 
been passed. Tape movement — and, hence, scanning, 
— stops when the conductive leader is sensed. No 
"operation complete" signal is generated, however; 
so the Magnetic-Tape Control Unit will appear to be 
busy if a MIB instruction is issued or if an attempt 
is made to use tape. Manual intervention is required 
in order to proceed with processing. 

In a properly established file, this event will not occur. 

5. If the Magnetic-Tape Control Unit is directing a 
scanning operation at the time another magnetic- 
tape instruction is issued — with the exception of 
MIB and MIE instructions — the Data Processor will 
wait for an "operation complete" signal from the 
Magnetic-Tape Control Unit before attempting to 
complete the execution of the instruction. 

6. Blank tape — that is, tape on which no information 
is recorded — is treated as inter-block gap. 



7. The sign digit cannot be included in a partial-word 
scan key. If it is, a Program Check ALARM STOP 
will occur. 

MAGNETIC-TAPE READ (MRD) 
Operation Code. 52 



± 


1 2 


3 


4 


5 6 


7 8 9 


± 


u,n 


i 


V 


O.P 


a, a, a a 



Definitions. 

u : designates magnetic-tape unit. 

n: specifies the number of blocks to be read, n = 

means ten blocks. 

v: variation designator: 

(rC:41)/8 = 1: B-register address-modification 
of designated input will occur. 

(rC:41)/l — 1: control blocks are recognized as 
normal blocks. 

aaaa: address of base of location in which is written 
the first word read from magnetic tape. 

Description of Operation. Read n blocks from unit u. The 
lane read from is that specified by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. Words read from tape are stored into 
consecutively addressed storage locations beginning with 
B[aaaa]. 

Words read from tape are assembled in the D register 
before being sent to storage: if (rC:41)/8 = 1 and 
(rD:±l)/8 =1, the word will be B-register address- 
modified as it goes from the D register to storage; at the 
same time, (rD : ± 1 ) /8 is set to 0. 

If V is even a control block is recognized as such. If a 
control block is encountered during the execution of 
MRD, it will be sensed and the following events will 
occur : 

L Each word of the control block, except the last, will 
be read and written in the storage location desig- 
nated. 

2. The last word of the block read from tape — the con- 
trol word — remains in the Data Processor's control 
section to provide information with which to termi- 
nate the operation. The control word has the fol- 
lowing format: ± ii aaaa bbbb. 

a. The contents of the P register are preserved: 
(rP) -> aaaa:04. This enables the program to 
determine the location of the instruction during 
whose execution the control block was encoun- 
tered. 
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b. The contents of the address part of the C register 
are preserved: (rC:04) -> aaaa:64. This enables 
the program to determine the location of the last 
word read from magnetic tape. 

c. The address of the location of the next instruc- 
tion selected for execution — an entry to the con- 
trol routine — is transferred to the P register: 
B[bbbb] ^ rP. 

3. After reading the control block, MRD is terminated. 

If V is odd control blocks are not recognized as such. 
Instead, they are treated as normal blocks. Sign digits of 
7 will be retained; the control word will remain intact. 

An end-of-tape block is recognized as such. If an end- 
of-tape block is encountered during the execution of 
MRD, it will be sensed, and the following events will 
occur : 

1. The control word is read from tape but remains in 
the Data Processor's control section to provide in- 
formation with which to terminate the operation. 
The control word has the same format as the control 
word in a control block. The transfer of the re- 
mainder of the end-of-tape block from tape to core 
storage is inhibited. The events described under 
2(a), 2(b), and 2(c), above, take place here also, 
but "end-of-tape" should be substituted for "con- 
trol" wherever it occurs. 

After reading the end-of-tape block, MRD is terminated. 

After termination of MRD, tape is positioned so that the 
head can read the block following the one which caused 
the operation to terminate. 

Exceptional Conditions. 

1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Magnetic-Tape ALARM STOP caused by parity er- 
ror, end-of-tape error, digit-count/word-count error, 
or unit not ready. 

Remarks. 

1. A description of block layout can be found on page 
4-3; see also the description of MAGNETIC-TAPE 
INITIAL WRITE (page 4-18) where the assignment 
of storage locations is noted, as well. 

2. This instruction does not read the preface word 
associated with each block. If the preface must be 
read, a MAGNETIC-TAPE READ, RECORD in- 
struction must be executed. 

3. Note that a MRD instruction may terminate without 
having read n blocks as specified. 

4. Blank tape is treated as inter-block gap. 



5. If an end-of-tape block is also identified as a control 
block, by having a 7 in the sign-digit position of 
the control word, the block will be recognized as 
end-of-tape. When the end-of-tape block is read, how- 
ever, B-register address-modification of the control 
word will occur because its sign digit is odd. 

6. During the execution of MRD, the timing character 
preceding each word written on tape is used to verify 
that 11 digits are read for each word; the preface 
and the end-of-block character are used to verify 
that the correct number of words has been read. 
Should there be a failure in either the digit count 
or the word count during MRD, two additional at- 
tempts to eliminate the failure will be made, auto- 
matically, under the direction of the Magnetic-Tape 
Control Unit. If neither of the additional attempts 
succeeds, a Magnetic-Tape ALARM STOP will occur 
with the tape positioned so that the read-write head 
can read the block in which the failure occurred. 

7. After a Magnetic-Tape ALARM STOP caused by a 
parity error, the read-write head is in position to 
read the block in which the error was detected. The 
contents of the block will have been read from tape 
and written in storage, however. 

8. The variation designator of the MRD instruction 
must be odd to read a 205 tape mounted on a 220 
unit when using the 205/220 Magnetic-Tape Con- 
verter. 

MAGNETIC-TAPE READ, RECORD (MRR) 

Operation Code. 53 

±1234567890 
Instruction Format. 



±: 


u,n 


i 


V 


O.P 


a, a, a, a 



Definitions. 

u : designates magnetic:tape unit. 

n: specifies the number of blocks to be read, 

n = means 10 blocks. 

v: variation designator: 

(rC:41)/8 = 1: B-register address-modification 
of designated input will occur. 

(rC:41)/l = 1: control blocks recognized as 
normal blocks. 

aaaa: address of base of location in which will be writ- 
ten the preface associated with the first block 
read from tape. 

Description of Operation. Read n blocks from unit u. The 
lane read from is that specified by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. Words read from tape are stored into 
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consecutively addressed storage locations, the preface as- 
sociated with the first block going into B[aaaa]. 

Words read from tape are assembled in the D register 
before being sent to storage: if (rC:41)/8 = 1, and Exceptional Conditions. 

(rD:zh:l)/8 = 1, the word will be B-register address- 
modified as it goes from the D register to storage ; at the 
same time, ( rD : ± 1 ) /8 is set to 0. 



After termination of MRR, tape is positioned so that the 
head can read the block following the one which caused 
the operation to terminate. 



^h- if 



Tf Y ic oijori a contr'~'l block is reco^^nized as sucn. 

control block is encountered during the execution of 
MRR, it will be sensed, and the following events will 
occur : 

1. The preface and each word of the control block, 
except the last, will be read and written in the stor- 
age location designated. 

2. The last word of the control block read from tape — 
the control word — remains in the Data Processor's 
control section to provide information with which to 
terminate the operation. The control word has the 
following format : ± ii aaaa bbbb. 

a. The contents of the P register are preserved: 
(rP) -> aaaa:04. This enables the program to 
determine the location of the instruction during 
whose execution the control block was encoun- 
tered. 

b. The contents of the address part of the C register 
are preserved: (rC:04) -^ aaaa: 64. This enables 
the program to determine the location of the last 
word read from magnetic tape. 

c. The address of the location of the next instruc- 
tion selected for execution — an entry to the con- 
trol routine — is transferred to the P register: 
B[bbbb] ^ rP. 

3. After reading the control block MRR is terminated. 

If V is odd control blocks are not recognized as such. 
Instead they are treated as normal blocks. Sign digits of 
7 will be retained; the control word will remain intact. 

An end-of-tape block is recognized as such: if an end-of- 
tape block is encountered during the execution of MRR, 
it will be sensed, and the following will occur: 

1. The control word is read from tape but remains in 
the Data Processor's control section to provide in- 
formation with which to terminate the operation. 
This control word has the same format as the con- 
trol word in a control block. The transfer of the 
remainder of the end-of-tape block from tape to core 
storage is inhibited. The events described under 
2(a), 2(b), and 2(c), above, take place here also, 
but "end-of-tape" should be substituted for "con- 
trol" wherever it occurs. 

After reading the end-of-tape block, MRR is terminated. 



1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Magnetic-Tape ALARM STOP caused by parity er- 
ror, end-of-tape error, digit-count/word-count error, 
or unit not ready. 

Remarks. 

1. During MRR, the preface associated with each block 
is read from tape and stored in core storage. Other- 
wise, MRR and MRD are executed in identical 
fashion. 

2. Suppose that a preface is kk and the preface is writ- 
ten in the location whose address is L. Then the 
first data word of the block will be in L + 1 and 
the last data word in L + kk. 

For example, MRR says, "read three blocks; preface of 
first block to be written in 0984." The first two blocks 
are 25 and 30 words long, respectively; the third block 
is a control block and is 40 words long. The allocation 
of storage is as shown : 



Location 


Contents 


Remarks 


0984 


2500 00 0000 


Preface of first 
block 


0985 


1st word 






• 


• 


► 


First block 


1009 


25th word 






1010 


3000 00 0000 


Preface of second 
block 


1011 


1st word " 






• 


• 


► 


Second block 


1040 


30th word - 






1041 


7 4000 00 0000 


Preface and control- 
block marker 


1042 


1st word '^ 




• 


> 


Control block 


1080 


39th word J 





3. Note that a MRR instruction may terminate without 
having read n blocks as specified. 
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4. Blank tape is treated as if it were inter-block gap. 

5. If an endof-tape block is also identified as a control 
block, by having a 7 in the sign-digit position of the 
control word, the block will be recognized as end- 
of-tape. When the end-of-tape block is read, however, 
B-register address-modification of the control word 
will occur because its sign digit is odd. 

6. During the execution of MRR, the timing character 
preceding each word written on tape is used to verify 
that 11 digits are read for each word; the preface 
and the end^of-block character are used to verify 
that the correct number of words has been read. 
Should there be a failure in either the digit count, 
or the word count during MRR, two additional at- 
tempts to eliminate the failure will be made, auto- 
matically, under the direction of the Magnetic-Tape 
Control Unit. If neither of the additional attempts 
succeeds, a Magnetic-Tape ALARM STOP will occur 
with the tape positioned so that the read-write head 
can read the block in which the failure occurred. 

7. After a Magnetic-Tape ALARM STOP caused by a 
parity error, the read-write head is in position to 
read the block in which the error was detected. The 
contents of the block will have been read from tape 
and written in storage, however. 

8. The variation designator of the MRR instruction 
must be odd to read a 205 tape mounted on a 220 
unit when using the 205/220 MagneticTape Con- 
verter. 

MAGNETIC-TAPE INITIAL WRITE (MIW) 

Operation Code. 54 

±1234567890 
Instruction Format. 



zt 
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Definitions. 

u : designates magnetic-tape unit. 

n: specifies number of blocks to be written, 

n = means ten blocks. 

kk : specifies number of words in each of the n blocks, 
kk = 00 means 100 words. 

aaaa : address of base of location from which is read the 
first word of the first block to be written. 

Description of Operation. Write — on newly edited tape — 
n blocks on unit u ; each block is kk words long : the min- 
imum-length block is ten words; the maximum-length 
block is 100 words. The lane written on is that specified 
by the last instruction referring to a lane on that unit: 
MTS, MFS, MRW, MDA, MLS, MTC, MFC. Words writ- 
ten on tape are taken from consecutively addressed loca- 
tions beginning with B[aaaa]. This instruction causes 



the preface to be written immediately preceding the first 
word of the block with which the preface is associated. 

If magnetic end-of-tape is encountered during the execu- 
tion of MIW, the magnetic end-of-tape condition will be 
established at the completion of the operation. 

Exceptional Conditions. 

1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Magnetic-Tape ALARM STOP caused by improper 
block length, end-of-tape error, or unit in not-ready 
or not-write status. 

Remarks. 

1. MIW recognizes magnetic end-of-tape. Therefore, 
every MIW instruction must either be preceded or 
followed by a MAGNETIC-TAPE INTERROGATE 
END-OF-TAPE, BRANCH (MIE) instruction to 
sense the magnetic end-of-tape condition. The MIE 
instruction provides the branch to the end-of-tape 
control procedure (see page 4-22). The MIW oper- 
ation must be completed before the MIE instruction 
is initiated. A MIB must be inserted before the 
MIE to insure this (see example, page 4-7). 

2. After termination of a MIW instruction during 
which magnetic end-of-tape was encountered, tape 
is positioned at physical end. This fact is sensed by 
the MIE instruction which follows every MIW in- 
struction. After execution of the MIE instruction, if 
the next instruction referring to the tape unit is one 
which causes tape movement, it must be one which 
causes tape to move initially in the backward direc- 
tion; otherwise an ALARM STOP will occur. (Per- 
missible instructions are MRW, MDA, MPB.) 

Normally, after encountering magnetic end-of-tape, 
terminal control blocks must be written to bound 
the file just written. 

3. MIW is one of two magnetic-tape operations which 
recognize magnetic end-of-tape. The other operation 
is MAGNETIC-TAPE INITIAL WRITE, RECORD. 

4. It is advisable to verify, under program control, that 
newly edited tape is being used. If unedited tape is 
used with MIW, or MIR, a Magnetic-Tape ALARM 
STOP will occur. 

5. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 
occur. 

6. To illustrate the allocation of storage, suppose a 
MIW instruction specifies that three blocks are to 
be written, each 18 words long; the first word of 
the first block is in location 5001. 
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Location 


Contents 


Remarks 


5001 

5018 
5019 

• 
• 
• 

5036 , 
5037 

• 
* 
• 

5054 


1st word " 
> 

• 

18th word > 
1st word ^ 

> 

• 

18th word > 
1st word ' 

• 

> 

18th word > 


First block 
Second block 
Third block 



7. The format of a block as it appears on tape is shown 
in Figure 4-1. 

8. The MIW instruction that writes the first block on 
newly edited tape should be preceded by a MRW 
and a MPE instruction to place the write head in 
position to record the first block. 

MAGNETIC-TAPE INITIAL WRITE, RECORD (MIR) 
Operation Code. 55 

. ^ ±1234567890 

Instruction Format. 



:± 


u 


n 


■ ,' 


0,P 


a^ a ^ a 1 a 



Definitions. 

u : designates magnetic-tape unit. 

n: specifies the number of blocks to be written, 

n = means ten blocks. 

aaaa: address of base of location from which is read 
the first word to be written on tape. This word 
contains the preface. 

Description of Operation. Write — on newly-edited tape — 
n blocks on unit u. The lane written on is that specified 
by the last instruction referring to a lane on that unit: 
MTS, MFS, MRW, MDA, MLS, MTC, MFC. Words writ- 
ten on tape are taken from consecutively addressed loca- 
tions beginning with B [aaaa] . 

The first word written is a preface word: (B[aaaa]:22) 
are interpreted as the preface. This preface specifies how 
many words in the consecutively addressed locations fol- 
lowing B[aaaa] are in the first block. If more than one 
block is to be written, the first word following the last 



word of the previous block written will be interpreted as 
containing the preface of the next block to be written. 

The minimum-length block is ten words; the maximum, 
100 words. 

If magnetic end-of-tape is encountered during the execu- 
tion of MIR, the magnetic end-of-tape condition will be 
established. The instruction will be completed, however. 

Exceptional Conditions. 

1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Magnetic-Tape ALARM STOP caused by improper 
block length, end-of-tape error, or unit in not-ready 
or not-write status. 

Remarks. 

1. MIR recognizes magnetic end-of-tape. Therefore, 
every MIR instruction must either be preceded or 
followed by a MIE instruction to sense the magnetic 
end-of-tape condition. The MIE instruction provides 
the branch to the end-of-tape control procedure (see 
page 4-22). The MIR operation must be completed 
before initiating the MIE instruction. A MIB must 
be inserted before the MIE to insure this. (See ex- 
ample on page 4-7. ) 

2. After termination of a MIR instruction during 

which magnetic end-of-tape was encountered, tape 

is positioned at physical end. This fact is sensed by 
*l — TVJTTT : * *: ,.,u:„u x_ii A/TTD ;_ 

i-in^ ±jixj-i x^ioix ut^Liv^ii vYun^ii i.\jii\jno cvciy ±t±a±i. xii- 

struction. After execution of the MIE instruction, if 
the next instruction referring to the tape unit is one 
which causes tape movement, it must be one which 
causes tape to move initially in the backward direc- 
tion; otherwise, a Magnetic-^Tape ALARM STOP 
will occur. (Permissible instructions are MRW, 
MDA,MPB.) 

Normally after encountering magnetic end-of-tape, 
terminal control blocks must be written to bound 
the file just written. 

3. Instruction formats for MIW and MIR are very 
much alike: the formats differ in digit positions 3 
and 4 which are used to specify the preface in MIW 
and are noted as not relevant for MIR. However, 
even in a MIR instruction, digit positions 3 and 4 
must not contain 02, 03, 04, 05, 06, 07, 08, or 09: 
if one of these configurations does appear, a Mag- 
netic-Tape ALARM STOP will occur, with the read- 
write head positioned at its starting position. 

4. MIR is one of two magnetic-tape operations which 
recognize the magnetic end-of-tape. The other oper- 
ation is MAGNETIC-TAPE INITIAL WRITE. 
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5. It is advisable to verify, under program control, that 
newly-edited tape is being used. If unedited tape is 
used with MIR or MIW, a Magnetic-Tape ALARM 
STOP will occur. 

6. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 
occur. 

7. To illustrate the allocation of storage, suppose a 
MIR instruction specifies that three blocks are to be 
written, 15, 27, and 12 words long, in that order; 
the preface associated with the first block is in loca- 
tion 5001. 



Location 


Contents 


Remarks 


5001 


1500 00 0000 


Preface of first 
block 


5002 


1st word ^ 






• 


• 


► 


First block 


5016 


15th word -^ 






5017 


2700 00 0000 


Preface of second 
block 


5018 


1st word 






• 


• 


► 


Second block 


5044 


27th word -^ 




5045 


1200 00 0000 


Preface of third 
block 


5046 


1st word ^ 






• 


• 


" 


Third block 


5057 


12th word - 







8. The format of a block as it appears on tape is shown 
in Figure 4-1. 

MAGNETIC-TAPE OVERWRITE (MOW) 
Operation Code. 56 

. ^ ±1234567890 

Instruction r ormat. 



± 


u 


n 


k k 


0,P 


a a a a 



Definitions. 

u : designates magnetic-tape unit. 

n: specifies the number of blocks to be written, 

n = means ten blocks. 



* Recall that the format of the control word is ± ii aaaa bbbb. 



kk : specifies number of words in each of the n blocks. 
kk = 00 means 100 words. Minimum number of 
words is 10; maximum is 100. 

aaaa: address of base of location from which is read 
the first word of the first block to be written. 

Description of Operation. Write n blocks on unit u; each 
block contains kk words; the lane written on is that speci- 
fied by the last instruction referring to a lane on that 
unit: MTS, MFS, MRW, MDA, MLS, MTC, MFC. Words 
written on tape are taken from consecutively addressed 
locations beginning with B[aaaa]. 

Before each block is overwritten, its preface (already on 
tape) is compared with kk: the block is written if and 
only if the preface and kk are identical; otherwise — ex- 
cept when the block on tape is an end-of-tape block — a 
Magnetic-Tape ALARM STOP, due to this preface mis- 
match, occurs, with the read-write head positioned to read 
the block causing the ALARM STOP. 

If a preface mismatch occurs with an end-of-tape block 
on tape, the ALARM STOP will not occur. Instead, the 
end-of-tape block is sensed, the control word is read from 
tape into the Data Processor control section, and termi- 
nating procedures are begun:* 

1. The contents of the P register are preserved: (rP) 
-> aaaa: 04. This enables the program to determine 
the location of the instruction during whose execu- 
tion the end-of-tape block was encountered. 

2. The contents of the address part of the C register 
are preserved: (rC:04) -> aaaa:64. This enables the 
program to determine the location in core storage 
of the last word written on tape. 

3. The address of the location of the next instruction 
selected for execution — an entry to the end-of-tape 
routine — is transferred to the P register: B[bbbb] 
-> rP. 

After reading the end-of-tape block, MOW is terminated. 

After termination of MOW, tape is positioned so that the 
head can write the block following the one which caused 
termination. 

Exceptional Conditions. 

1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Magnetic-Tape ALARM STOP caused by parity er- 
ror, preface mismatch, end-of-tape error, or unit in 
not-ready or not-write status. 

Remarks. 

1. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 
occur. 
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2. The allocation of storage is as depicted for MIW. 

3. Control blocks are not recognized as such during 
the execution of a MOW instruction. 

4. Blank tape is treated as inter-block gap. 

5. Note that a MOW instruction may terminate without 
having written n blocks as specified. 

6. This instruction will not recognize magnetic end- 
of-tape. 



MAGNETIC-TAPE OVERWRITE, RECORD (MOR) 

Operation Code. 57 

±1234567890 
Instruction Format. 



± 


u 


n 


i i 

1 


0,P 


a a a a 



Definitions. 

u : designates magnetic-tape unit. 

n: specifies the number of blocks to be written, 

n = means ten blocks. 

aaaa: address of base of location from which is read 
the first word to be written on tape. This word 
contains the preface. 

Description of Operation. Write n blocks on unit u ; the 
lane written on is that specified by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. Words written on tape are read from 
consecutively addressed storage locations beginning with 
li[aaaa], except as noted below. 

In storage the preface associated with each block is in the 
location which immediately precedes the location of the 
first word of the block (see description of storage alloca- 
tion under MIR, page 4-19). For example, (B[aaaa] :22) 
is the preface associated with the block whose first word 
is in B[aaaa] + 1. Before each block is overwritten, its 
preface (already on tape) is compared with the preface 
read from storage: the block is overwritten only if the 
two prefaces are identical; otherwise — except when the 
block on tape is an end-of-tape block — a magnetic-tape 
ALARM STOP occurs, with the read-write head posi- 
tioned to read the block causing the ALARM STOP. 

If a preface mismatch occurs with an end-of-tape block 
on tape, the ALARM STOP will not occur. Instead, the 
end-of-tape block is sensed, the control word is read from 
tape into the Data Processor control section, and termi- 
nating procedures are begun :° 

1. The contents of the P register are preserved: (rP) 
-^ aaaa:04. This enables the program to determine 
the location of the instruction during whose execu- 
tion the end-of-tape block was encountered. 



2. The contents of the address part of the C register 
are preserved (rC:04) — ^ aaaa:64. This enables the 
program to determine the location in core storage 
of the last word written on tape. 

3. The address of the location of the next instruction 
selected for execution — an entry to the end-of-tape 
routine — is transferred to the P register: B[bbbb] 
-> rP. 

After reading the end-of-tape block, MOR is terminated. 
After termination of MOR, tape is positioned so that the 
head can write the block following the one which caused 
termination. 

Exceptional Conditions. 

1. Storage ALARM STOP caused by a nonexistent 
address. 

2. Magnetic-Tape ALARM STOP caused by parity er- 
ror, preface mismatch, end-of-tape error, or unit in 
a not-ready or not-write status. 

Remarks. 

1. Instruction formats for MOW and MOR are very 
much alike: the formats differ in digit positions 3 
and 4 which are used to specify the preface in MOW 
and are noted as not relevant for MOR. However, 
even in a MOR instruction, digit positions 3 and 4 
must not contain 02, 03, 04, 05, 06, 07, 08, or 09: 
if one of these configurations does appear, a Mag- 
netic-Tape ALARM STOP will occur, with the read- 
write head being positioned at its starting position. 

2. If the unit referred to by this instruction is in not- 
write status, a Magnetic-Tape ALARM STOP will 
occur. 

3. The allocation of storage is as depicted for MIR. 

4. Control blocks are not recognized as such during the 
execution of a MOR instruction. 

5. Blank tape — that is, tape on which no information 
is recorded — is treated as inter-block gap. 

6. Note that a MOR instruction may terminate without 
having written n blocks as specified. 

7. This instruction will not recognize magnetic end- 
of-tape. 

MAGNETIC-TAPE POSITION FORWARD (MPF) 

MAGNETIC-TAPE POSITION BACKWARD (MPB) 

MAGNETIC-TAPE POSITION AT END OF INFORMA- 
TION (MPE) 



Operation Code. 58 
Instruction Format. 



Ibid 



± 


1 


2 


3 


4 


5 6 


7 8 9 


± 


u 


n 


i 


V 


0,P 


i ,i ,^^ 
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Definitions. 

u : designates magnetic-tape unit. 

n: specifies the number of blocks to be passed, 

n = means ten blocks. 

v: variation designator: 

V = 0: MAGNETIC-TAPE POSITION FOR- 

WARD will be executed. 

V = 1: MAGNETIC-TAPE POSITION BACK- 

WARD will be executed. 

V = 2 : MAGNETIC-TAPE POSITION AT END 

OF INFORMATION will be executed. 

Description of Operation. 

V = 0: MAGNETIC-TAPE POSITION FORWARD will 
be executed. Move tape on unit u in the forward direction 
until n blocks have been passed. The lane in which count- 
ing is done is the lane referred to by the last instruction 
referring to a lane on that unit: MTS, MFS, MRW, MDA, 
MLS, MTC, MFC. 

Control blocks and end-of-tape blocks are counted and 
passed without recognition of their control function. 

After completion of MPF, the tape is positioned so that 
the read-write head can read or overwrite the block fol- 
lowing the last block passed. 

V = 1 : MAGNETIC-TAPE POSITION BACKWARD will 
be executed. Except that tape is moved in the opposite 
direction, this variation is identical with that specified 
by V = 0. 

After completion of MPB, the tape is positioned to permit 
reading the last block passed. 

V = 2: MAGNETIC-TAPE POSITION AT END OF IN- 
FORMATION will be executed. 

Tape movement begins in the forward direction, and con- 
tinues until a blank area longer than inter-block gap is 
sensed, at which time the direction of tape movement is 
reversed. Tape is then moved in the backward direction 
until a block is sensed, at which time tape movement stops 
with the head in position to initial write a block following 
the one which caused the operation to terminate. 

Exceptional Conditions. 

1. Magnetic-Tape ALARM STOP caused by end-of-tape 
error or unit not ready. 

Remarks. 

L If v :/: 1 or 2, the MAGNETIC-TAPE POSITION 
FORWARD variation will be executed. 

2. Both MPB and MPF treat blank tape as inter-block 
gap. MPE, on the other hand, recognizes blank tape 
uniquely as described above. 



±2 


1 


2 3 


4 


5 6 


7 8 9 


±: 


u 


^i 


v 


0,P 


a a a a 



3. For purposes of counting blocks during execution 
of a MPF or MPB instruction, preface words are 
used to indicate that a block is being passed. 

4. If the conductive leader which marks the physical 
end-of-tape is encountered during the execution of 
a MPF instruction, no "operation complete" signal 
will be generated. So, the Magnetic-Tape Control 
Unit will appear to be busy if a MIB instruction is 
issued or if an attempt is made to use the tape unit 
(by attempting to execute a MRD instruction, for 
example). Manual intervention is required in order 
to proceed with processing. 

Similar remarks apply to the situation which results when 
the conductive leader which marks the physical begin- 
ning-of-tape is encountered during the execution of a 
MPB instruction. 



MAGNETIC-TAPE INTERROGATE, BRANCH (MIB) 

MAGNETIC-TAPE INTERROGATE END-OF-TAPE, 
BRANCH (MIE) 

Operation Code. 59 

Instruction Format. 

Definitions. 

u : designates magnetic-tape unit. 

v: variation designator: 

V = 0: MAGNETIC-TAPE INTERROGATE, 
BRANCH will be executed. 

v = l: MAGNETIC-TAPE INTERROGATE 
END OF TAPE, BRANCH will be exe- 
cuted. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. 

V = 0: MAGNETIC-TAPE INTERROGATE, BRANCH 
will be executed. 

If unit u is ready, transfer control to B[aaaa], otherwise 
control continues in sequence. 

V = 1: MAGNETIC-TAPE INTERROGATE END OF 
TAPE, BRANCH will be executed. 

If the magnetic end-of-tape condition is established, trans- 
fer control to B[aaaa]; otherwise, control continues in 
sequence. 

Remarks. 

L If V :7^ 1, the MAGNETIC-TAPE INTERROGATE, 
BRANCH variation will be executed. 
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2. Because operations independent of both tape-control 
unit and Data Processor (e.g., MRW, MDA) as 
well as operations independent only of the Data 
Processor (e.g., MTS) can be in process, it is nec- 
essary to distinguish four cases for MIB. These are 
shown in the table below. 



Status of 
Unit 


Status of 

Tape-Storage 

Unit 


D U O 

uiviiiwii : 


Ready 

Ready 

Not ready 

Not ready 


Ready 
Not ready 

Ready 
Not ready 


Yes 

No 
No 
No 



3. If the unit designated by MIB and MIE instructions 
is not ready or is not on line, the program will con- 
tinue in sequence. 

4. If control is transferred to B[aaaa] upon execution 
of the MIE instruction (i.e., if end-of-tape condition 
is established) the next instruction referring to that 
tape unit must be one which causes tape to move 
initially in the backward direction (MRW, MDA, 

TV /m TIN 

ivirr>j . 

5. To write an end-of-tape block once the end-of-tape 
condition has been established : 



'ontrol 


Op 


Address 


1101 


MPB 


0000 


1002 


MPE 


0000 


1101 


MIW 


aaaa 
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GENERAL 

Paper-tape input and output facilities are provided by 
means of Photoreaders and punches. Interchangeable 
with the latter are character-at-a-time printers (physically 
and functionally these printers are identical with the Su- 
pervisory Printer). Each of the printers is capable of 
being driven off-line by a mechanical reader which may 
be attached to it. 

THE PHOTOREADER 

The paper-tape reader used by the BURROUGHS 220 
reads seven-channel single-frame paper. The code is 
shown in Appendix C. The code is of the odd-parity type: 
provision is made for the detection of parity errors; in 
case a parity error is detected a Paper-Tape ALARM 
STOP will occur. 

When reading in the numeric mode, the appearance of 
a code for a non^numeric character — the letter "A," for 
example — will be detected as an error and a Paper-Tape 
ALARM STOP will occur. 

The Photoreader utilizes two sizes of single-flange plastic 
reels: a 51/2-inch reel which holds 350 feet of tape, and 
a 7-inch reel which holds 700 feet of tape. Tape is moved 
at the rate of either 50 or 100 inches per second depend- 
ing upon whether the SPEED switch is set to HI or LOW. 
Since information is punched ten characters per inch, the 
transfer rate is either 500 or 1,000 characters per second. 

Start time is less than five milliseconds. The reader will 
stop on the stop character; that is, it will stop with the 
last character read still under the reading head. 

As many as ten Photoreaders may be included in a BUR- 
ROUGHS 220 system. Selection of a particular reader is 
under program control. In case the reader called for is 
inoperative, a Paper-Tape ALARM STOP will occur. 

WORD FORMAT 

Provision is made in the order structure for reading infor- 
mation with the sign digit punched first — this is normal 
format — as well as information with the sign digit punched 
last — this is inverse format. 
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A word, as it is punched on paper tape, is defined to be 
the information bounded by two end-of-word characters 
(except for the first word, which does not have an end- 
of-word character preceding it) . As each character is read 
from paper tape it is transferred to rD:01, shifting the 
contents of the D register one place to the left and causing 
the contents of rD:d=l to be lost, i.e., the sign digit is 
shifted out of the D register. 

In normal format, the sign digit is the first character of 
the word on paper tape; in inverse format, the sign digit 
is the character immediately preceding the end-of-word 
character. 

Alphanumeric words are distinguished both on paper tape 
and in the Data Processor by having the symbol "2" 
punched as the sign digit. The recognition of this charac- 
ter causes automatic translation of the single-frame al- 
phabetic characters in the word into the two-decimal-digit 
220 code.^ The sign digit is read and translated as a "2," 
(the digit 2 being used internally by the BURROUGHS 
220 to flag alphanumeric words) . 

When reading inverse format, however, alphanumeric 
translation is not possible, because the sign digit is the 
last character sensed as the word is read. After the word 
in inverse format has been read, the contents of the D 
register are permuted so that the sign of the word is in 
its proper position. The sign digit is then checked; if it 
is 2 — indicating that the word is supposed to be alpha- 
numeric — a Paper-Tape ALARM STOP will occur. 

The appearance of any digit, except 2, in the sign-digit 
position of a word on paper tape will cause the word to 
be translated numerically. Certain of the numeric digits, 
namely 6, 7, 8, and 9, in the sign-digit position are used 
for control purposes. Generally speaking, a 6 or 7 indi- 
cates that the word is to go to the C register, instead of 
to storage, without or with B-register address-modifica- 
tion, respectively ; an 8 or 9 in the sign-digit position 
indicates that the word is to be B-register address-modi- 
fied as it goes to storage. It is possible, it should be noted, 
to read from paper tape a word with any digit in the sign 
position, and to store that word exactly as it appeared on 
tape. 



Of course, when alphanumeric words are read and translated, the contents of the D register are shifted twice for each character read, once 
when the "zone" part of the character is sent to rD:01 from the decoding matrix, and second when the "numeric" part is sent to rD:01. 
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The reader is referred to the Execute Phase description 
of each input instruction for an explicit and detailed spec- 
ification of sign-digit control. Except as noted in those 
specifications, the sign digits are read and translated ex- 
actly as they are punched in tape. 

INSTRUCTIONS 

There are two instructions for reading information in 
normal format. The first of these, PAPER-TAPE READ 
(see page 5-4), specifies that a fixed number of words 
(from ] to 100) shall be read. However, the instruction 
may be coded to permit overriding of this specification: 
when so coded, the instruction says, in effect, "Read nn 
words, unless a control word is encountered, in which 
case terminate the reading operation." 

The second instruction for reading information in normal 
format, PAPER-TAPE READ, BRANCH (see page 5-6) , 
causes information to be read until a control word is 
encountered. The control word causes the reading opera- 
tion to terminate. 

There is one instruction for reading information in in- 
verse format, namely, PAPER-TAPE READ, INVERSE 
FORMAT (see page 5-8). This instruction specifies that 
a fixed number of words — from 1 to 100 — shall be read 
unless a control word is encountered. The control word 
causes the reading operation to terminate. With this in- 
struction it is not possible to read into storage a word 
with a 2, 6, or 7 in the sign-digit position. (The reader is 
reminded that a 2 in the sign-digit position causes a Pa- 
per-Tape ALARM STOP.) 

The control word mentioned in the preceding paragraphs 
is a word flagged with a 6 or 7 in the sign-digit position. 
The detection of such a word terminates the instruction 
being executed, disconnects the reader, and causes prepa- 
rations to be made for transferring the word to the C 
register for execution. The reading operation stops with 
the control word in the information buffer register, after 
which control is transferred to the Fetch Phase circuits. 
During the Fetch Phase the control word is taken from 
the IB register to the C register — without B-register ad^ 
dress-modification if the sign digit is 6, with such modifi- 
cation if the sign digit is 7 — where it is regarded as an 
instruction. This is to say that a control word must be 
an instruction. 

THE PAPER-TAPE PUNCH 

The paper-tape punch used by the BURROUGHS 220 
punches seven-channel single-frame tape at the rate of 60 
characters per second. That is to say, it punches tape 
which can be used for input to a BURROUGHS 220 sys- 
tem. However, it punches tape in normal format, auto- 
matically supplying the end-of-word character after the 
last character has been punched. 



As many as ten paper-tape punches may be included in 
a BURROUGHS 220 system. Selection of a particular 
punch is under program control. In case the punch called 
for is inoperative, a Paper-Tape ALARM STOP will 



Alphanumeric words — which are flagged internally with 
a 2 in the sign-digit position — are translated automatic- 
ally to the single-frame code for punching in tape. The 
digit "2" — which also identifies the word in tape as al- 
phanumeric—is punched as a "2." 

Provision exists for the suppression of alphanumeric 
translation, in which case the contents of the word are 
punched as 11 decimal digits. 

There is also provision for the suppression of high-order 
zeros. This feature is provided by the SUPPRESS LEAD- 
ING ZEROS switch on the Control Console. When the 
SUPPRESS LEADING ZEROS switch is "on," the punch- 
ing of zeros preceding the first non-zero digit in the word 
will be suppressed. This means that no zeros will be sup- 
pressed if the sign digit is different from 0. 

THE PRINTER 

In place of any paper-tape punch there may be substituted 
a character-at-a-time printer. Naturally, this printer is 
logically equivalent to the punch which it replaces. The 
printer is physically and functionally identical with the 
Supervisory Printer described in Chapter 3. 

THE MECHANICAL READER 

Any printer — including the Supervisory Printer — in a 
BURROUGHS 220 Paper-Tape System may have attached 
to it a mechanical reader which is capable of reading 
BURROUGHS 220 paper tape. The reader provides off- 
line facilities for printing the contents of paper tape at 
the printer's rate of 10 characters per second. 

Except for its ability to check for parity errors, the me- 
chanical reader and its circuits are logically equivalent 
to the Data Processor's circuits when the printer is driven 
on-line. 

INFORMATION FLOW 

The general nature of information flow during input and 
output was discussed in Chapter 2. In some details, how- 
ever, the actual flow of information is different from that 
indicated in Chapter 2. For this reason, the flow of infor- 
mation is described again below. 

INPUT FLOW 

Input flow is shown in Figure 5-1. 

1. The address part of the C register — which specifies 
the location in storage where the next word read 
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from paper tape is to be stored — is transferred to 
the E register. At the same time, the address part of 
the C register is counted up 1. 

2. The word is read from paper tape through the trans- 
lator and into the D register. 

3. a. If the instruction is PRI, the contents of the D 

register are permuted so that the sign is in its 
normal position. 

b. The contents of the D register are then sent to 
the information buffer register, with or without 
B-register address-modification as specified, after 
which the D register is cleared. 

4. a. If the word is to go to storage, the contents of 

the information buffer register are stored in the 
location whose address is in the E register. 

b. If the word is to go to the C register, the reader 
is disconnected, and preparations are made to 
enter the Fetch Phase, during which the contents 
of the information buffer register are transferred, 
with or without B-register address-modification 
as specified, to the C register, where the word is 
regarded as an instruction. 

If the instruction has not been terminated, there is a re- 
turn to step 1 for the next word. 



S 



±1234567890 



™ANS-|© D REGISTER ^ 



]^. 



INFORMATION BUFFER ^^ 
REGISTER («1 

±1234567890 

n 1 



^^ I storage 

B REGISTER ® \^-^ 

'(4b) 



1^ C REGISTER 



1 234567890 



HH® 

EZI 

E REGISTER 



Figure 5-1. Input flow. 



OUTPUT FLOW 

Output flow is shown in Figure 5-2. 

1. The address part of the C register — which specifies 
the location in storage from which the next word 
to be written will be taken — is transferred to the E 
register. At the same time, the address part of the 
C register is counted up 1. 

2. The word is transferred from storage to the infor- 
mation buffer register. 

3. The contents of the information buffer register are 
transferred to the D register. 



4. a. The contents of the D register are permuted so 
that the (rD:±:l) appear in rD:01. 

b. The contents of rD:01 pass through the adder 
to the translator and thence to the printer or 
punch. 

4a, and 4b. are repeated until the entire word has been 
printed or punched. 

If the instruction has not terminated, there is a return 
to step 1 for the next word. 



® 



±1234567890 



±1234567890 



m 



INFORMATION BUFFER 
REGISTER 



'0 



C REGISTER 

r 



1 234567890 



ADDER 



o 



II 



© 



I— I© 



PRINTER 
► OR 
PUNCH 



TRANSLATOR 



E REGISTER 



Figure 5-2. Output flow. 
EXCEPTIONAL CONDITIONS 

Following is a list defining exceptional conditions which 
can occur and are detected. In addition to those enumer- 
ated below, a Storage ALARM STOP, due to use of a 
nonexistent address, can occur. 

1. The seven -channel code uses an odd-parity check. 
Whenever a character is sensed which has an even 
number of channels punched, the fact is signaled by 
a Paper-Tape ALARM STOP. 

2. The detection of a code for a non-numeric character 
when reading in the numeric mode is signaled by a 
Paper-Tape ALARM STOP. 

3. When executing PAPER-TAPE READ, INVERSE 
FORMAT, the appearance in the sign-digit position 
of a "2" is detected and a Paper-Tape ALARM 
STOP occurs. 

4. If the input or output unit designated by the in- 
struction is inoperative, a Paper-Tape ALARM STOP 
will occur. 



THE EXECUTE PHASE 

The remainder of the Paper-Tape System chapter is de- 
voted to a discussion of the instructions involving input 
and output on paper tape. 
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PAPER-TAPE READ (PRD) 
Operation Code. 03 

±1234567890 
instruction Format. 



±: 


u 


n,n 


V 


0,P 


a a a a 



detection of an inadmissible character, or the desig- 
nated unit in not-ready status. 



Remarks. 



Definitions. 

u: designates paper-tape reader unit. 

nn: specifies the number of words to be read, 
nn = 00 means 100 words. 

v: variation designator: 

V = 1 specified word goes to C register for 

execution; reader is turned off. 

V = 8, 9 : specified input will be B-register ad- 

dress-modified. 

aaaa: address of base of location into which is written 
first word read from paper tape. 

Description of Operation. 

V 7^ 1: Read nn words from unit u into consecutively 
addressed locations beginning with B[aaaa]. If v = 8 
or 9, designated input will be B-register address-modi- 
fied. 

v = 1: Read nn words, or until a word with sign digit 
equal to 6 or 7 is encountered, from unit u into con- 
secutively addressed locations beginning with B[aaaa]. 
An input word with sign digit equal to 6 or 7 goes to 
the C register, without or with B-xegister address-modi- 
fication, respectively, for immediate execution; the read- 
er is turned off. 

Input Sign-Control : 
If V = 1 and : 

1. If the input sign digit is 6, the word goes to rC for 
immediate execution; the reader is turned off. 

2. If the input sign digit is 7, the word goes to rC, 
with B-register address-modification, for immediate 
execution ; the reader is turned off. 

If V is equal to 8 or 9 and: 

1. If the input sign digit is 8, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 0. 

2. If the input sign digit is 9, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 1. 

Flow Chart. See page 5-5. 

Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Paper-Tape ALARM STOP due to a parity error, * If nn == 00, add 100. 
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v\ 





1 


2 
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C 


C 
B 






2 
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3 
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4 






A 
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6 
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Bo 


Bi 


9 






A 












Bo 


Bx 



s = Sign of input word. (Read across.) 

V = Variant digit of PRD instruction. (Read down.) 

A: Convert each character in the word to a two-digit 
(alphanumeric) code. 

B: Prior to storing, B-modify the input word. 

Bi : Same as B. Sign of input is equal to i, where i = 
or 1. 

C: Turn off Photoreader. Transfer input to C register 
and execute. 

Register Status. 



Register 
name 


Contents after execution of PRD; 
no override of nn 


A 


Unchanged 


R 


Unchanged 


D 


Last word read 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 




u 




1 


V 


3 

1 


Bfaaaa] + nn* 


B[ 


aaaa] + nn — 1* 
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®- 



PAPER-TAPE 
ALARM STOP 
(NOT READY) I 

PARITY ERROR 

OR INADMISSIBLE CHARACTER 

CAUSES PAPER-TAPE ALARM STOP 



NOT END 
OF WORD 



CLEAR rE, rIB. 

CLEAR rD. 
(rC:04) -^ rE. 
(rC:04) + 1 -»-rC:04. 



SENSE FIRST 
CHARACTER 



END OF 
WORD 



CHARACTER READ 



-© 



SET SWITCH 
FOR NUMERIC 
TRANSLATION 



JCHARACTl 
-♦►rD:±l 



(rD:±l)7^2 j (rD:±l) = 2 

I 



ay 



PARITV ERROR 

OR INADMISSIBLE CHARACTER 

CAUSES PAPER-TAPE ALARM STOP 



SET SWITCH FOR 

ALPHANUMERIC 

TRANSLATION 



(rD:±l)-^rD:01 
(rD:01) -^rD:91 



(rD:11)-».rD:±l 



J 



] SENSE NEXT 
I CHARACTER 



{rC:32) - 1 — *-rC:32 
(TALLY) 



(rC:41)/8 = 1 
(rD:±1)/8 = 1 



WORD— ^-STORAGE 
WITH B-REGISTER 
ADDRESS-MODIFICATION. 



Q (rD:04)— *-rlB:( 



(rD:67)— M-IB:67 



(rD:±l)/2 = 1 

(rD:±l)/4 = 1 

(rC:41)/l = 1 



Q STOP READER 



6 



SET UP TO 
ENTER FETCH 
PHASE AT 

(P). 







WORD— *- STORAGE 
WITHOUT B-REGiSTER 
ADDRESS-MODIFICATION 



I SET (rD.±1)/8 = 

I (rD:04) + (rB) — *-rlB:04 

I TURN OFF CARRY INDICATOR 

)(rD:67)— •-rlB:67 



(rIB) ». I STORAGE 

[(rE)l I ALARM STOP 



(rC:32) = 00 I (rC:32) ¥^ 00 



O OPERATION COMPLETE. 



(A) 



NOT END 
OF WORD 



NUMERIC 
TRANSLATION 



END OF 
WORD 



ALPHANUMERIC 
TRANSLATION 



^ 



CHARACTER READ 



OCHARACTI 
-»-rD:±l 



6 



(rD:±1) 
(rD:01)- 



rD:01 
rD:91 



(rD:!!)— »-rD:±l 







5 TRANSLATED "ZONE" 
-^rD:±l 

O{rD:±l)-^-rD:01 
(rD:01) — ».rD:91 

(rD:11)— »-rD:±1 

O TRANSLATED "NUMERIC" 
-^rD:±1 



O (rD:±1)-^rD:01 
^^ (rD:01)— ♦►rD:91 



(rD:ll)— *-rD:±1 



d) 



Register 
name 


Contents after execution 
with override of nn 


A 


Unchanged 




R 


Unchanged 




D 


Last word read 




B 


Unchanged 




P 
C 
E 


(rP)b + 1 






u 


« » 

1 


V 


0,3 ♦,♦,• 


* 

1 


« 


« * 





:|c4: 4:4;4c ^ * Hf ^ , 



See description of operation. 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


Last word read 


B 


Unchanged 
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Register 
name 


Contents if Storage 
ALARM STOP occurs 


P 
C 
E 


(rP)b + 1 




u *|* V 0,3 *,*,*,* 


Address causing ALARM STOP 



** nn minus number of words read. 

♦♦** Sum: address causing ALARM STOP + 1. 

PAPER-TAPE READ, BRANCH (PRE) 

Operation Code. 04 

=+=1234567890 
Instruction Format. 



±: 


u 


' 1^ 


V 


0,P 


a, a, a, a 



Definitions. 

u : designates paper-tape reader unit. 

v: variation designator : 

V = 8,9: specified input will be B-register ad- 

dress-modified. 

V = 0: no B-register address-modification of 

input. 

aaaa: address of base of location into which is written 
first word read from paper tape. 

Description of Operation. Read from unit u, into con- 
secutively addressed locations beginning with B[aaaa], 
until a word with the sign digit equal to 6 or 7 is encoun- 
tered. An input word with the sign digit equal to 6 or 7 
goes to the C register, without or with B-register address- 
modification, respectively, for immediate execution; the 
reader is turned off. 

Input sign control : 

1. If the input sign digit is 6, the word goes to rC for 
immediate execution; the reader is turned off. 

2. If the input sign digit is 7, the word goes to rC, 
with B-register address-modification, for immediate 
execution ; the reader is turned off. 

3. If V is equal to 8 or 9 and : 

a. If the input sign digit is 8, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 0. 

b. If the input sign digit is 9, the word is B-register 
address-modified ; the sign goes into the specified 
storage location as 1. 

Flow Chart. See page 5-7. 



Exceptional Conditions. 

i. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Paper-Tape ALARM STOP due to a parity error, 
detection of an inadmissible character, or the desig- 
nated unit in not-ready status. 

Remarks. 
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C 


c 
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C 


C 
B 
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C 
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C 
B 
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A 
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C 
B 
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c 


C 
B 






6 






A 








c 


C 
B 






7 
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c 


C 
B 






8 






A 








c 


C 
B 


Bo 


Bx 


9 






A 








c 


C 
B 


Bo 


Bx 



s = Sign of input word. (Read across.) 

V = Variant digit of PRB instruction. (Read down.) 

A: Convert each character in the word to a two-digit 
(alphanumeric) code. 

B: Prior to storing, B-modify input word. 

Bi : Same as B. Sign of input is equal to i, where i = 
orl. 

C: Turn off Photoreader. Transfer input to C register 
and execute. 

Register Status. 



Register 
name 


Contents after 
execution of PRB 


A 


Unchanged 


R 


Unchanged 


D 


Last word read 


B 


Unchanged 
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Register 
name 


Contents after 
execution of PRB 


P 
C 
E 


(rP 


)b + 1 




u 


i i 

1 


V 


4 

1 


* « * * 
1 1 1 


Address of last location filled 



**** Sum: address of last location filled + 1. 



Register 
name 


Contents after 
Storage ALARM STOP 


A 


Unchanged 




R 


Unchanged 




D 


Last word read 




B 


Unchanged 




P 
C 

E 


(rP)b + 1 






u 


i i 

1 


V 


4 

1 


* * * 
1 i 1 


« 


Add 


ress causing ALARM STOP 





**** Sum: address causing ALARM STOP + 1. 



©- 



PAPER-TAPE 
ALARM STOP 
(NOT READY) 



CLEAR rE, rlB. 

CLE*.R rD. 
(rC:04)— »-rE. 
(rC:04) + 1— »-rC:04 



PARITY ERROR 

OR INADMISSIBLE CHARACTER 

CAUSES PAPER-TAPE ALARM STOP 



NOT 

END OF 

WORD 



SENSE FIRST 
CHARACTER 



END OF 
WORD 



-© 



CHARACTER READ 



SET SWITCH 
FOR NUMERIC 
TRANSLATION 



JCHARACTf 
-*-rD:±l 



(rD:±l) = 2 I (rD:±l) = 2 

— 5 



SET SWITCH FOR 

ALPHANUMERIC 

TRANSLATION 



®- 



PARITY ERROR 

OR INADMISSIBLE CHARACTER 

CAUSES PAPER-TAPE ALARM STOP 



(rD:±1)'*-rD:01 
(rD:01) -^rD:91 
(rO:!!) -»tD:±1 



SENSE NEXT 
CHARACTER 



© 



(rG41)/8 = 1 
(rD:±l)/8 = 1 



WORD -»> STORAGE 
WITH B-REGiSTER 
ADDRESS-MODIFICATION 



Q (rD:04) — ^rlB:04 



1 



SET {rD:±l)/8 = 



l(rD:04) + (rB)-»-rlB:04 



TURN OFF CARRY INDICATOR. 



(rD:67)— *-rlB:67 



(rD:±1)/2 = 1 
(rD:±1)/4 = 1 



WORD -»- STORAGE 
WITHOUT B-REGISTER 
ADDRESS-MODIFICATION 



(rlB)-.^ [(rE)] 



;(rD:67) -*-rlB:67 



I 



STORAGE 
ALARM STOP. 



STOP READER 



SET UP TO ENTER 
FETCH PHASE 
AT0 



n^ 



NOT END 
OF WORD 



END OF 
WORD 



<£) 



NUMERIC ALPHANUMERIC 

TRANSLATION TRANSLATION 



6 



CHARACTER READ 
-^rD:±l 



Q (rD:±l)-*-rD:01 
y (rD:01)— ^rD:91 

© 



TRANSUTED "ZONE" 
-*-rD:±l 



(rD:01) ■ 
(rD:11)— »-rD:±l 



0(rD:±1)-^D: 
frDiOl) -^rD:' 



(rD:ll)— ^rD:±l 
TRANSLATED "NUMERIC" 
— ^rD:±1 



(rD:±l)-^rD:01 
(rD:01)— ^rD:91 



(rD:ll)-*-rD:±l 
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PAPER-TAPE READ, INVERSE FORMAT (PRI) 
Operation Code. 05 

±1234567890 
Instruction Format. 



2. 



± 


u 


n 1 n 


V 


o,p 


a, a, a, a 



Definitions. 

designates paper-tape reader unit. 



u: 



specifies the number of words to be read, 
nn = 00 means 100 words. 



variation designator 
V = 8, or 9: 



designated input will be B-register 
address-modified. 



aaaa: address of base of location into which is written 
first word read from paper tape. 

Description of Operation. Read nn words, or until a word 
with the sign digit equal to 6 or 7 is encountered, from 
unit u into consecutively addressed locations beginning 
with B[aaaa]. An input word with the sign digit equal 
to 6 or 7 goes to the C register, without or with B-register 
address-modification, respectively, for immediate execu- 
tion ; the reader is turned off. 

Input sign control : 

1. If the input sign digit is 6, the word goes to rC for 
immediate execution; the reader is turned off. 

2. If the input sign digit is 7, the word goes to rC, 
with B-register address^modification, for immediate 
execution ; the reader is turned off. 

3. If V is equal to 8 or 9 and: 

a. If the input sign digit is 8, the word is B-register 
address-modified ; the sign goes into the specified 
storage location as 0. 

b. If the input sign digit is 9, the word is B-register 
address-modified; the sign goes into the specified 
storage location as 1. 

Flow Chart. See page 5-9. 
Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Paper-Tape ALARM STOP due to a parity error, 
detection of an inadmissible character, use of a 2 in 
the sign^digit position of a word, or the designated 
unit in not-ready status. 

Remarks. 

1. Because the sign digit is read last, alphanumeric 
translation is not possible. 
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s = Sign of input word. (Read across.) 

V = Variant digit of PRI instruction. (Read down.) 

A: Convert each character in the word to a two-digit 
(alphanumeric) code. 

B : Prior to storing, B-modify the input word. 

Bj : Same as B. Sign of input is equal to i, where i = 
or 1. 

C : Turn off Photoreader. Transfer input to C register 
and execute. 

E: Error Stop. 
Register Status. 



Register 
name 


Contents after execution of PRI/ 
no override of nn 


A 


Unchanged 


R 


Unchanged 


D 


Last word read 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






u 




1 


V 


5 B[aaaa] + nn* 

1 III 




B[ 


aaaa] + nn — 1* 





* If nn = 00, add 100. 
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®- 



PAPER-TAPE 
ALAP-M STOP 
(NOT READY) 



PARITY ERROR OR 

INADMISSIBLE CHARACTER 

CAUSES PAPER-TAPE 

ALARM STOP" 




CLEAR rE, rIB. 



CLEAR rD. 
(rC:04) -»-rE. 
(rC:04) -1- 1 -*^ rC:04. 



SENSE NEXT 
CHARACTER 



NOT END 
OF WORD 



END OF 
WORD 



CHARACTER READ 
-»-rD:±l. 

(rD:±l)-«.rD:01. 
(rD:01) -^rD:91. 

(rD:11)-^rD:±l 



(rD:±l)- 2 



(rD:01)-^rD:^-l 
(rD:91) -x-rDiOI. 



(rD:±l)-^rD:ll. 



(rD:±l) = 2 



ALPHANUMERIC 

SIGN CAUSES 

PAPER-TAPE 

ALARM STOP 



& 



(^ 



0(rC:32) - 1— *-rC:32 
(TALLY) 



(rC:41)/8 = 1 
(rD:±l)/8 = 1 



WORD— ^STORAGE WITH 
B-REGISTER ADDRESS- 
MODIFICATION. 



Q (rD:04)— *-rlB:04 
p (rD:67)-*T 



(rD:±1)/2 = 1 
(rD:±l)/4 = 1 



I 



STOP 
READER 



WORD -^STORAGE WITH- 
OUT B-REGISTER 
ADDRESS-MODIFICATION. 







SET UP TO (rlB) — [(rE)] 
ENTER FETCH 
PHASE AT 



SET (rD:±1)/8 = D 
(rD:04) + (rB)— ^rlBdD4 

TURN OFF CARRY INDICATOR 
(rD:67)— *-rlB:67 







STORAGE 
ALARM STOP. 



(rC:32) = 00 



(rC:32) ^ 00 



O OPERATION COMPLETE. 



(B) 



Register 
name 


Contents after execution 
with override of nn 


A 


Unchanged 




R 


Unchanged 




D 


Last word read 




B 


Unchanged 




P 
C 
E 


(rP)5 + 1 






u 


* * 

1 


V 


5 

1 


* * « 
1 1 


1 


* * 


- * 





** *** **** 



See description of operation. 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 


Unchanged 




R 


Unchanged 




D 


Last word read 




B 


Unchanged 




P 
C 
E 


(rP), + 1 






u 


* * 

1 


V 


0,5 


« * * 
1 1 


* 

1 


Address causing ALARM STOP 



* * nn minus number of words read. 

**** Sum: address causing ALARM STOP + 1. 



PAPER-TAPE WRITE (PWR) 
Operation Code. 06 

±1234567890 



zb 


u 


n,n 


i 


0,P 


a a a a 

1 1 1 



Instruction Format. 



Definitions. 

u : designates output unit. 

nn : specifies number of words to be punched, 
nn = 00 means 100 words. 

aaaa: address of base of location from which is read 
first word to be punched. 

Description of Operation. Write nn words on unit u, tak- 
ing the words from consecutively addressed locations 
beginning with B [aaaa] . 

Flow Chart. See page 5-10. 
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Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. 

2. Paper-Tape ALARM STOP; unit designated is in 
not-ready status. 

Remarks. 

1. Alphanumeric translation may be suppressed by set- 
ting the ALPHA SUPPRESS switch on the writing 
unit to "on." 

2. The writing of leading zeros may be suppressed by 
setting the ZERO SUPPRESS switch on the writing 
unit to "on." 



Register Status. 



Register 
name 


Contents after execution of PWR 


A 


Unchanged 


R 


Unchanged 


D 


Last word punched 


B 


Unchanged 


P 

C 
E 


(rP)b-+ 1 




u 




1 


i 


6 

1 


BTaaaa] + nn* 
1 1 1 


B[ 


aaaa] + nn — 1* 



* If nn = 00, add 100. 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 


Unchanged 




R 


Unchanged 




D 


Last word punched 




B 


Unchanged 




P 

C 
E 


(rP)h + 1 






u 


« * 

1 


i 


6 

1 


* * « 
1 1 


* 

1 


Ad 


dress causing ALARM STOP 





** nn minus number of words punched. 

**** Sum: address causing ALARM STOP + 1. 



©- 



CLEAR rE, rIB. 



PAPER-TAPE 
ALARM STOP 
(NOT READY) 



STORAGE 
ALARM STOP. 



5(rC=04 )_tE. 
(rC:32) - 1— ^rC:; 




{rD:±l) / 2. (rD:±l) = 2 

(NUMERIC) (ALPHANUMERIC) 



ALPHA SUPPRESS 
"ON" 



ALPHA SUPPRESS 
"OFF" 



(\ (rD:±l)-*-rD:01 
V (rD:ll)— ^rD:±1 

(rD:OI)— ^rD:91 
(*) WRITE (rD:01) 



11 
TIMES 



!(rD:±l)-^rD:01 
(rD:!!)— ^rD:±l 

A 



(rD:n)- 
(rD:01)— ^rD:91 



WRITE {rD:01) 
(SIGN-DIGIT OF 
WORD) 



(B) 







® 



O(rD:±l)-^rD:01 
rD:11) -*-rD:±1 



(rD:01)— ^rD:91 



O(rD:01)— ^ENCODER 
("ZONE") 



A (rD:±l)-^rD:01 
V (rD:n)— ».rD:±l 



(rD:01) -^rD:91 

(\ (rD:01)— ^ENCODER 
^^ ("NUMERIC") 



5 
TIMES 



®- 



6 



WRITE END-OF-WORD 
CHARACTER. 



(rC:32) = (rC:32) T- 



O OPERATION COMPLETE 



Q (rC:04) -I- 1 — "-rC:! 



(b 



5-10 




The Cardatron System 



GENERAL 

The BURROUGHS 220 CARDATRON System is that 
facility which couples the Data Processor with the periph- 
eral card-handling machines. The system is designed to 
accommodate volume punched-card input and output 
and, if required, to supply a complete printed report of 
each operation. Alphabetic, numeric or alphanumeric in- 
formation may be processed with equal proficiency. 

Three elements are basic to the system. The Control Unit 
(housed in two cabinets), the Input Unit and the Output 
Unit. A full CARDATRON complement can include, in 
addition to the Control Unit, a maximum of seven Input 
and Output Units in any combination. For example, the 
operations at a typical installation might call for three 
Input Units, to each of which is attached a card reader, 
and four Output Units, to each of which is attached a 
card punch or a line-at-a-time printer. 

The CARDATRON Input and Output Units serve as buff- 
ers for card input from the card readers and for Data 
Processor output to the punches and printers. Card read- 
ing, punching and line printing operations may be carried 
out independently of Data Processor control; while these 
operations are taking place, the Data Processor is free to 
process other portions of the program. The CARDATRON 
buffering functions, therefore, permit independent and 
simultaneous multiple-input-output operations. 

A distinctive feature of the CARDATRON System is its 
editing ability, which complements the editing and format 
control facilities of the plugboard panel on the card- 
handling machine. During the input phase, for example, 
each card can select one from among six different editing 
modes, five of which are under program control. These 
modes will not only edit the contents of a card, but will 
automatically translate card information into Data Proc-^ 
essor code. 

It is the purpose of this section to describe the communi- 
cation of the CARDATRON System with the peripheral 
card-handling equipment and the Data Processor; and to 
examine the coding techniques and programming methods 
which afford maximum efficiency of operation. 

INPUT UNIT OPERATION 

MACHINE CHARACTERISTICS 

The principal components of the Input Unit are a buffer 
drum and the associated control circuitry including a 



Core Shift Register which effects the translation of card 
code to CARDATRON code. The operation of this Core 
Shift Register is automatic and does not come under the 
control of the programmer. The buffer is a magnetic 
storage drum which is two inches in diameter and re- 
volves at a speed of 21,600 rpm. (One complete revolution 
requires 2.78 ms.) Information is stored around the drum 
on one information band and editing digits on format 
bands. Each of these bands contains 320 digit positions, 
319 of which are available for operational use. 

THE INFORMATION BAND 

Information read from a single card is stored on the in- 
formation band of the buffer drum. The execution of a 
CARD READ (CRD) instruction transfers this informa- 
tion to core storage in the Data Processor. All editing of 
the information is under control of one of the format 
bands. Information is recorded on the information band 
in binary-coded decimal notation; four bits are available 
for each digit position. Two digit positions on the infor- 
mation band are required to record the information from 
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by the numeric punch on the card (rows 9 through 1), 
and the second position receives the digit supplied by the 
zone punch (rows 0, 11, and 12). Therefore, 160 of the 
319 digit positions will always be used in transferring 
information from an 80-column punched card. Of the 29 
words (319 positions) on the band, eleven positions are 
used to shift the information through the system, permit- 
ting a maximum of 28 Data Processor words to be used 
for active information. The 29th word on the format band 
(eleven lowest order digits) will be filled with zeros. 

FORMAT BANDS 

There are five format bands on the buffer drum. The 
digits 0, 1, 2 and 3 in the format bands perform the edit- 
ing function; there are two bits available for each digit 
position. The digit positions on the format band corres- 
pond to those on the information band and are numbered 
consecutively in the same order. Each format-band digit 
controls the transfer of information to and from the cor- 
responding digit position on the information band. 

The card being read on the buffer drum has preselected 
the particular format band to be used in editing the infor- 
mation on that card. The section is made by a punch in a 
predesignated column. This punch can indicate one (and 
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in certain cases more than one) of eight possible format 
choices: five of these are the format bands, and the other 
three are the fixed editing functions. 

These fixed editing functions control the following opera- 
tions: transfer of information with a standard numeric 
format; rejection of cards from which the information is 
not to be transferred to the Data Processor ; and inhibition 
of the automatic card-reading operation, used when load- 
ing or changing format-band digits. 

Each card column requires two digit positions on the 
information band, and these two digit positions are edited 
by the corresponding digit positions on the selected format 
band. It is important that the reasons for this be given 
extensive consideration. A primary function of the CARD- 
ATRON System is data editing and format control. The 
system will accommodate alphanumeric information, trans- 
late alphabetic and numeric characters from the 12-row 
card code to two-digit binary-coded decimal machine 
code, and effect the proper placement of these characters 
in the Data Processor word. 

An alphabetic character requires two punches in a given 
card column and therefore two positions on the informa- 
tion band ( one for each punch ) ; it is also represented 
in the Data Processor word by two digits. A numeric 
character, though it requires only one punch on a card, 
is also represented on the information band by two digits; 
it may be reduced, under format control, to one digit in 
the Data Processor word. Therefore, all card columns 
require two positions on the information band. Within 
the Data Processor, alphabetic material is always coded 
in two digits; numeric information may be represented 
by either one or two digits, depending on whether the 
card field is treated as numeric or alphanumeric. 

ROW COUNTER 

CARDATRON System operations are controlled by a 
4-bit decade called the row counter. This counter has 16 
decimal values, through 15. The setting of the row 
counter is shown by the RC indicators in the register 
on the Input Unit control paneP; these indicators show 
what part of the card cycle is in progress. During the 
reading of a card, the row counter is synchronized with 
the digit pulses from the card reader, so that when card 
row 9 is being read, for example, the row counter is set 
at 9. This setting assigns a digital value to the punches 
being sensed at a particular time. (See Table 6-1 for the 
various row counter settings and their interpretations.) 

CORE SHIFT REGISTER 

The Core Shift Register of the Input Unit consists of 80 
magnetic cores which are connected to the 80 TO CARD- 
ATRON hubs on the card reader. A punch in a card 
column pulses the TO CARDATRON hub for that card 
column, which sets the corresponding core. Each core, 



therefore, is set by a punch from the corresponding card 
column. The Core Shift Register is set in parallel; all 
punches in one 80-column row are sensed and the cores 
set simultaneously. The configuration of set cores dupli- 
cates the configuration of punches in any one card row. 
The cores then transfer the information in serial fashion 
by shifting the information off to the right and on to the 
buffer drum. The value of the digits written on the buffer 
drum is determined by the row counter setting (Table 
6-1). 

THE NUMERIC TOGGLE 

Since there are 160 format-band digits controlling the 
transfer of 80 card columns, and since there are only 80 
cores in the core register, it follows that not all of the 
format-band digits can be active and cause a shift in the 
Core Shift Register at any one row time. There are two 
format-band digits for every card column, one to transfer 
the numeric punch and one to transfer the zone punch. 
The row counter indicates whether a numeric or zone 
row on the card is being read. Working in conjunction 
with the row counter is the numeric (NU) toggle (an in- 
ternal electronic switch) which, by its set or reset con- 
dition, designates which format digits transfer numeric 
punches and which transfer zone punches to the informa- 
tion band. The NU toggle changes state each time one of 
the format digits which affects the transfer of information 
from a card column is encountered in the format band. 
Thus the CARDATRON System keeps track of the trans- 
fer digits in the active segment of the format band so that 
they are interpreted alternately with numeric or zone 
significance. When the row counter is set at a numeric 
row value, the state of the NU toggle will cause only the 
format-band digits which transfer numeric punches to be 
active; when the row counter indicates zone time, only 
the format-band digits controlling the transfer of zone 
punches will be active. 

THE TWO PHASES OF 
INPUT OPERATION 

The transfer of information through the Input Unit occurs 
in two phases. The first phase involves reading the infor- 
mation from a card onto the drum (Figure 6-1). This 
process takes place automatically, provided that the card 
machine is ready to begin a card reading cycle. The Input 
Unit stores this information on the buffer drum as long 
as necessary. 

The second phase of operation occurs when a CARD 
READ (CRD) instruction is executed by the Data Proc- 
essor, causing the Input Unit to transfer the information 
from the buffer drum to core storage. As soon as this 
information leaves the Input Unit, automatic read-in of 
the next card follows immediately, unless Reload Lockout 
has been imposed. 



See Handbook of Operating Procedures for the BURROUGHS 220. 



6-2 



The CARDATRON System 



TRANSFER OF DATA TO INFORMATION BAND 

As a card feeds into the reader, it is read row by row: 
the punches sensed in each row pulse the appropriate TO 
CARDATRON hubs, causing the corresponding cores of 
the Core Shift Register to be set. Each row is transferred 
separately to the Core Shift Register which duplicates 
the configuration of punches in that card row. When that 
information is shifted onto the buffer drum, its digital 
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punch occurs in column 72 of the card being read, the 
core corresponding to column 72 will be set. If the row 
counter indicates 9 time, then the digital value transferred 
to the buffer drum from the set core will be 9. 

While the card reader prepares to read the next row, the 
Core Shift Register shifts the information off in serial 



fashion, one digit at a time, shifting 80 positions to the 
right for each row read. The information from the row 
is transmitted to the information band; its placement in 
the 319 digit positions on the band is determined by the 
format digits in the equivalent digit positions on the for- 
mat band selected. The shifting of the register is synchro- 
nized with the rotation of the buffer drum, so that with 
each shift one digit position on the information band 
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in the format band, the core register does not shift; no 
information is transferred, and so a zero is placed in the 
corresponding position on the information band. Thus 
zeros are inserted between information digits at this state, 
expanding the 80 columns of card information as much 
as desired within the 319 positions available. When a 2 



Table 6-1. Row Counter settings, CARDATRON 220 Input Unit 



9-Edge-First Machine 


12-Edge-First Machine 


Row 
Counter 
Setting 


Significance 


Row 
Counter 
Setting 


Significance 


10 


Buffer unloaded, ready for reader. 


13 


Buffer unloaded, ready for reader. 


9 


Read 9 row of card. 


14 


Read 12 row of card. 


8 


Read 8 row of card. 


15 


Read 11 row of card. 


7 


Read 7 row of card. 





Read row of card. 


6 


Read 6 row of card. 


i 


Read 1 row of card. 


5 


Read 5 row of card. 


2 


Read 2 row of card. 


4 


Read 4 row of card. 


3 


Read 3 row of card. 


3 


Read 3 row of card. 


4 


Read 4 row of card. 


2 


Read 2 row of card. 


5 


Read 5 row of card. 


1 


Read 1 row of card. 


6 


Read 6 row of card. 





Read row of card. 


7 


Read 7 row of card. 


15 


Read 1 1 row of card. 


8 


Read 8 row of card. 


14 


Read 12 row of card. 


9 


Read 9 row of card. 


13^ 


Buffer loaded, ready for 
Data Processor. 


10'' 


Buffer loaded, ready for 
Data Processor. 


12 


Transfer information to Data Processor 
if CRD or erase format band if CRF. 


11 


Transfer information to Data Processor 
if CRD or erase format band if CRF. 


11 


Erase information band if CRD. 


12 


Erase information band if CRD. 



' To execute a CRF instruction, RC must be set to 11 or 13, and FS^ to 7. 
' To execute a CRF instruction, RC must be set to 12 or 10, and FS^ to 7. 
Ibid 
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appears in the format band, a 2 is transferred by the same 
procedure to the corresponding position on the informa- 
tion band. 

The information band on the buffer drum is loaded auto- 
matically, unless this operation is restricted by Reload 
Lockout instructions from either the Data Processor or 
the preceding card. When all the rows on a card have 
been sensed and the information from that card has been 
transmitted through the Core Shift Register, all the infor- 
mation from that card has been accumulated on the in- 
formation band in binary-coded decimal form. 

TRANSFER OF DATA TO CORE STORAGE 

Execution of A CARD READ (CRD) Instruction. Execu- 
tion of a CARD READ instruction transfers the contents 
of the information band to a series of consecutively ad- 
dressed locations in core storage in one revolution of the 
buffer drum. Again the format-band digits take control 
of the transfer. As each digit from the information is 
transmitted through the control units, the format digits 
determine whether the material is to be translated as al- 
phabetic or numeric information. The same digits govern 
the final editing of the information just before it enters 
the D register. Specified digits may be deleted or zeros 
or 2's may be inserted in the information stream before 
it reaches core storage. Those digits, which are to be 
transferred to storage along with the O's (often called 
scaling O's I that have been used to fill out Data Processor 
words during transfer of data to the information band, 
now begin their passage through the registers of the Data 
Processor to core storage. 

Flow of Information through The Data Processor. Digits 
from the first word transferred from the information 



band on the Input Unit buffer drum enter the Data Proc- 
essor through the sign position of the D register I see 
Figure 6-1). The D register shifts right until it is filled 
with the 11 digits of a Data Processor word. The right- 
most five digits of this word are shifted through the 
adder, ( where, if called for, B-register address-modifica- 
tion occurs I to the five low-order positions of the IB 
register. The six left-most digits are shifted directly to 
the six high-order positions of the IB register. The second 
word is shifted into the D register immediately following 
the first, and prepares to make the same transfer. 

Meanwhile, the first word, which is in the IB register, is 
transferred to core storage, clearing the IB register. As 
soon as the first word is stored, the second word fills the 
IB register. The third word is then transferred from the 
information band to the D register and so forth. This 
process continues until the last word to be transferred is 
in the D register. The last word is shifted into core stor- 
age, through the adder and IB register, by the eleven 
zeros in the inactive segment of the format band. At this 
point, all the words have been transferred and stored in 
sequence, and the information band has been completely 
read. The Data Processor is free to continue processing 
while the card machine automatically proceeds to read 
the information from the next card onto the buffer drum. 

Information is read from cards through the Core Shift 
Register which transfers it onto the information band on 
the buffer drum. The information is read from right-to- 
left: that is. by column, from column 80 to column 1. It 
is stored, however, in left-to-right order, by word, in 
descending sequence from the address given in the CARD 
READ instruction so that the left-most card field enters 



PUNCHED 
CARD 



CORE SHIFT 
REGISTER 



I 



CARD CODE 

TO CARD- 
ATRON CODE 



TRANS- 
LATOR 




BUFFER 
DRUM 



CARDATRON 
CODE 



-^PARTl 
2 



J 




tttHfftftt 

1234567890 



IB 
REGISTER 



1234567890 ADDER 



D REGISTER 
7 8 9 



CARDATRON CODE 

TO DATA B REGISTER 

PROCESSOR CODE 



Figure 6-1. Input information patti. 

64 



The CARDATRON System 



the lowest memory location. This procedure facilitates 
the use of B-register address-modification on input. (Out- 
put operations transfer the information in right-to-left 
order, by word, so that the information will reappear, 
after processing, in the same relative sequence as that in 
which it entered the system. ) 

If an attempt is made to execute a CARD READ instruc- 
tion before the transfer of information from card to 
buffer has been completed, the Data Processor will wait 
until that transfer is completed; the execution of the 
CARD READ instruction will then proceed. The status 
of an Input Unit may be ascertained by executing a 
CARD READ INTERROGATE, BRANCH instruction. 

Use of The INTERROGATE Instruction. The Data Proc- 
essor cannot execute a CARD READ (CRD) instruction 
until the transfer of information from card reader to the 
information band is complete. Therefore, some computa^ 
tion time may be lost while the Data Processor waits 
until the buffer drum is ready to be unloaded. The CARD 
READ INTERROGATE, BRANCH (CRI) instruction has 
been provided to avoid this delay; with this instruction, 
the Input Unit can be interrogated to find out if it is 
ready. If it is ready, the information can be transferred 
and the next card can be read. If it is not ready, proces- 
sing of information which is already in storage continues. 

Altering the Flow of Information. A 6 or 7 punch in the 
sign-digit position of a word transferred from the buffer 
drum can be used to change the path of the information 
transfer. Under sign control, the information in a given 

through the D register, the adder, and the IB register. 
The 6 or 7 in the sign position inhibits the transfer into 
core storage, and the information passes directly into the 
C register. Such input words can be used to control the 
input and storage of subsequent information. 

INPUT FORMAT BANDS 

FORMAT SELECTION 

The cards which are read by a card-handling device for 
input through the CARDATRON System must contain a 
punch in a predesignated column indicating which format 
band or fixed editing function will govern the loading 
process, if each card is to select its own format. These 
punches are interpreted (under control of the plugboard 
panel wiring) before the information is read from the 
card, causing the proper selection of format by the Input 
Unit. 

PROGRAM-CONTROLLED FORMAT BANDS 

The first five of eight possible format choices are the 
format bands on the buffer drum. Each is identified on 
the plugboard panel of the card reader by one of the 



digits 1, 2, 3, 4, or 5, and can be selected by a punch in 
a designated card column. These five format bands are 
program-controlled in that the editing digits are loaded 
onto the format band by the execution of a CARD READ, 
FORMAT LOAD (CRF) instruction. This instruction 
transfers 319 format digits (29 Data Processor words) 
from Data Processor storage to a designated input format 
band. The format bands cannot be loaded directly from 
cards; the format digits must first be stored in the Data 
Processor as 29 Data Processor words. 

FIXED EDITING FUNCTIONS 

In addition to the five format bands, three special editing 
functions are available for input only; these too are 
chosen by a punch in the column and are identified by 
the numbers 6, 7, and 8. These fixed editing functions 
cannot be m.odified to the point of changing format or 
characters by an instruction from the program stored in 
the Data Processor. 

Numeric Format (6). Use of format 6 causes all infor- 
mation from a card to be treated as numeric and trans- 
ferred according to a set pattern. The primary purpose 
of format 6 is to load the object program, including for- 
mat bands, into core storage. Two format-band digits are 
required to transfer information from a card column ; the 
pair of digits 31 transfers numeric information. Each 31 
combination of format digits will transfer one Data Proc- 
essor digit. 

TTji r 1 /z -•_ ] ]- i L_ 1 3 ..,:4.U 11 
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column fields beginning at the right. Format 6 affects the 
information from the card as follows: 

All overpunches are deleted; that is, only the numeric 
punches are sensed. (Under numeric interpretation, a 
blank column will be treated as a punch. ) The sign is 
transferred from the lowest numbered column ( the least- 
significant-digit position) of each card field. 

Any card read in under this editing pattern must have 
the following format: the card is divided into eight field? 
comprised of columns 1 through 3, 4 through 14, 15 
through 25, 26 through 36, 37 through 47, 48 through 
58, 59 through 69, and 70 through 80. The numeric part 
of each of these eight fields, with the exception of the 
first, is translated as an 11 -digit Data Processor word. 

Normally these columns will be wired to the correspond- 
ing sets of TO CARDATRON hubs on the plugboard 
panel; however, it is possible, if the pragrammer desires, 
to use other plugboard panel wiring to rearrange the 
order of the words. For example, card columns 37 
through 47 could be wired to TO CARDATRON hubs 
4 through 14. Other card fields could be transposed on 
input in the same way. 
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The eight card fields are transferred from the card in 
right-to-left order and are stored in the Data Processor 
in descending sequence. The simulated format digits will 
transfer eight full Data Processor words to storage. To 
the numeric part of the three-column field wired to TO 
CARDATRON hubs 1 through 3 are added eight high- 
order O's to form a complete Data Processor word. An 
additional five words of zeros are supplied automatically 
by the fixed numeric format function, effecting a transfer 
of a total of thirteen full Data Processor words. In many 
cases, the programmer will not want the five words of 
O's occupying space in Data Processor storage; a signal 
can be supplied by the input card to inhibit the transfer 
to storage of the O's or of unwanted information. 

Reject Format (7). The reject function allows a card to 
pass through the card reader without transfer of the infor- 
mation in it to core storage. The contents of the card are 
actually transferred to the information band under con- 
trol of format 6. However, transfer of information to 
the Data Processor is inhibited, because the selection of 
format 7 sets the row counter so that the Input Unit 
by-passes the transfer of digits from the information band 
to the Data Processor, clears the information band, and 
immediately starts the next card-read cycle. The next 
card feeds into the card reader automatically, and its 
contents fill the information band, unless Reload Lockout 
has been imposed. A card which selects Reject Format 
has no effect on the program, since its contents never 
reach the Data Processor. 

Reload Lockout (8). When Reload Lockout is selected, 
automatic feed and read-in of the card following is in- 
hibited. There are two possible situations when Reload 
Lockout may be used : (1) when one or more format 
bands are to be changed, and (2) when the programmer 
wants the information band to be read twice so that its 
contents will appear in two storage areas. Reload Lock- 
out may be imposed either from the stored program or 
from a card punched to designate format 8. 

From the stored program Reload Lockout must be im- 
posed by a CARD READ (CRD) instruction. The impo- 
sition of Reload Lockout by a CARD READ instruction 
does not inhibit the transfer of the existent contents of 
the information band, but inhibits rather the automatic 
signal back to the card machine to begin reading the 
next card. It may then be reimposed by either the next 
CRD or a CARD READ, FORMAT LOAD (CRF) in- 
struction. Either of these instructions, when properly 
coded, may also release Reload Lockout. 
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Reload Lockout may be selected by coding a 1 or 9 in 
the r-digit position of the CRD instruction (± uivr 60 
aaaa). It may be reimposed, if desired, by coding an odd 
digit in the f-digit position of the CRF instruction (=h 
uiif 62 aaaa). Reload Lockout will be released by the 
CRD instruction if the r-digit is or 8; if r is an even 
digit in the CRF instruction. Reload Lockout will be 
released. 

The selection of the format band on which the editing 
control stream is written and the imposition or release 
of Reload Lockout'^ are effected by the CRF instruction 
as described in the table which follows: 



f 


Format 
Band 


Reload 
Lockout 





1 


Released 


1 


1 


Imposed 


2 


2 


Released 


3 


2 


Imposed 


4 


3 


Released 


5 


3 


Imposed 


6 


4 


Released 


7 


4 


Imposed 


8 


5 


Released 


9 


5 


Imposed 



If Reload Lockout is imposed to permit a format band 
to be changed, the CRD instruction used to impose Lock- 
out will be followed by a CRF instruction. The CRF in- 
struction causes the format digits on the designated band 
to be replaced by new format digits from the specified 
locations in core storage. 

If only one format band is to be loaded, the variant-digit 
f in the CRF instruction is coded even. On execution of 
the instruction, the designated format band is loaded. 
Reload Lockout is released, and the contents of the card 
that was locked out are read onto the information band. 
The next CRD instruction will cause the new contents of 
the information band to be transferred to core storage. 

If more than one format band is to be loaded, the f digit 
in each CRF instruction is coded odd, to reimpose Reload 
Lockout, until the instruction which loads the last format 
band is reached. The f digit is then coded even. 



'Format band 8 must be selected in conjunction with the selection of some other format band; if it is not, a No Format ALARM STOP 
will occur. (The No Format ALARM appears on the CARDATRON Input Unit Panel and a CARDATRON ALARM appears on the Con- 
trol Console of the Data Processor.) 
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The effect of the imposition of Reload Lockout by selec- 
tion of format 8 from the punched card is exactly the 
same as that which would occur if a 1 or a 9 had been 
punched in the r-digit position of the CARD READ in- 
struction. This instruction will transfer the contents of 
the information band to core storage and will impose 
Reload Lockout just as though it had been so coded. 



is required to transfer both punches from one card col- 
umn. Only the 1 digit will transfer information from a 
card to a Data Processor word. In the transfer from 
buffer drum to core storage, the transfer is effected under 
control of the same 1 digits which controlled the transfer 
from card to buffer drum. The following example will 
illustrate the effect of the 1 dicit on card information. 



THE USE OF INPUT FORMAT 
BAND DIGITS 

The transfer of information from card to buffer, and 
from buffer to Data Processor storage is effected under 
control of the format band. Two format-band digits are 
required to transfer and edit the information from each 
card column. To read an 80-column card, therefore, a 
minimum of 160 format digits must be used in the active 
segment of the format band. 

INSERT ZERO DIGIT (0) 

Use of this digit on a format band causes a to be writ- 
ten in a designated position on the information band. In 
no way does it affect the operation of the CARDATRON 
System; the does not replace nor transfer information 
from the punched card; it only causes O's to be written 
into the Data Processor word. As demonstrated in Figure 
6-2, the programmer, if he desires, can construct a com- 
plete 11 -digit word of O's. Assume, for example, that in 
a given card, columns 36, 37, 38 and 39 contain numeric 
information. The format band transfers this information 
so that it is reproduced in storage as single numeric 
digits. 

Two O's in the corresponding positions in the format 
band will produce two O's in the Data Processor word 
between the digits supplied by card columns 37 and 38: 



Card Column 


36 


37 




38 


39 


Contents of card field 


6 


7 




8 


9 


Format-band digits 


31 


31 


00 


31 


31 


Portion of Data Processor 


6 


7 


00 


8 


9 


word 













ALPHANUMERIC-TRANSFER DIGIT (1) 

A 1 digit in the format band will transfer either a nu- 
meric punch or a zone punch into the corresponding 
position in the information band. If, for example, the 
first two format-band positions contain I's (these are the 
two format-band positions which edit the contents of 
card column 80), the 1 digit in format position 1 will 
transfer the numeric portion of column 80 to the infor- 
mation band, and the 1 in format position 2 will transfer 
the zone portion of that column. A pair of I's, therefore, 



Card Column 



Formal-band digits 

Alphabetic contents of card field 

Portion of Data Processor word 



80 



11 

A 

41 



Further, then, if card column 79 contained both numeric 
and zone punches for alphabetic information, and format 
positions 3 and -\ contained I's: 



Card Column 



Format-hand digits 

Alphabetic contents of card field 

Portion of Data Processor word 



79 



11 
B 
12 



INSERT 2 DIGIT (2) 

On input, a 2 digit inserts a 2 m the corresponding posi- 
tion on the information band. In the transfer from buffer 
drum to core storage, a 2 is inserted into the correspond- 
ing position in the Data Processor word. In principle, 
then, the function of format digit 2 is the same as that 
of the digit: there is a one-for-one transfer of 2's into 
storage. In addition, a 2 permits the insertion, in the 
sign-digit position of a word, of the flag which identifies 
it as an alphanumeric word. It is this digit which effects 
compatibility between the CARDATRON System and the 
Paper-Tape and Supervisory Printer systems. 

DELETE DIGIT (3) 

Format digit 3 deletes the numeric or zone punch which 
it is editing. The primary uses of this digit are the con- 
traction of punched card information and the filling-out 
of the inactive segment of the format band. Data from 
the card column coming into the information band under 
control of format digit 3 is transferred to the information 
band in the normal fashion. However, with the execution 
of a CARD READ instruction, the 3 in the format band 
inhibits the D register shift and prevents the information 
under its control from reaching the D register. For this 
corresponding digit position, therefore, nothing is trans- 
ferred to core storage. 
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Card Columns 


50 


51 


52 


Format-band digits 

Alphanumeric contents of card field 

Portion of Data Processor word 


31 
6 
6 


33 
A 


11 

B 

42 



card field does not contain sufficient information to form 
a complete Data Processor word, O's may be inserted to 
fill in the remaining digit positions, and the designated 
column will be transferred at sign time. 



Note that in column 50 the 1 digit transferred the nu- 
meric portion of the column, a 6, into its corresponding 
position in the Data Processor word. The 3, however, 
deleted the zone portion of the column, so that nothing 
was transferred to its corresponding position in the Data 
Processor word. In column 51, the digit pair 33 deleted 
both the numeric and zone portions of the column, so 
that nothing was transferred to the Data Processor word 
for this digit position. The digit pair 11 in column 52 
transferred the alphabetic information (B) to core stor- 
age and translated it into Data Processor code for that 
character (42). 

TRANSFERRING THE SIGN-POSITION DIGIT 

The eleventh digit position, the high-order digit, of the 
Data Processor word is the sign-digit position of that 
word. This digit may be supplied by an overpunch in the 
card column at zone time or by a 1 or punch at nu- 
meric time. The sign is transferred under control of the 
same format digits which edit any numeric information. 
Assume, for example, that the format calls for an over- 
punch in the sign position, but there is not enough nu- 
meric information to fill all eleven digits of the Data 
Processor word, as illustrated in the following example: 



Card Columns 


76 


77 


78 


79 


80 


Contents of card field 


4 


7 


7 


9 


5 


Format-band digits 


1000001 


31 


31 


31 


31 


Data Processor word 


1000004 


7 


7 


9 


5 



The digit pairs 31 transferred the numeric information 
in columns 77 — 80; the 1 corresponding to the numeric 
portion of column 76 transferred that portion of the col- 
umn. O's in the remaining format positions transferred 
O's into the next five most-significant-digit positions, thus 
forming a complete Data Processor word. The format 
digit 1 corresponding to the zone portion of column 76 
transferred that portion at sign time. Owing to the inser- 
tion of the O's, the D register did not interpret this punch 
as information belonging to the sixth most-significant- 
digit position, but as the sign digit of this Data Processor 
word. 

The sign digit may also be supplied by a 1 or punch 
in the numeric portion of a given card column. If the 



Card Columns 


75 


76 


77 


78 


79 


80 


Contents of card field 


1 


4 


7 


7 


9 


5 


Format-band digits 


3100000 


31 


31 


31 


31 


31 


Data Processor word 


100000 


4 


7 


7 


9 


5 



The 1 digit transferred the numeric portion of column 
75 at sign time; the zone portion was deleted by the digit 
3. After the transfer of the information in column 76, the 
transfer of the O's was not recognized as numeric activity 
by the D register. Thus, the word in storage was com- 
pleted by the O's, but the transfer of the numeric punch 
in column 75 was delayed until sign time. 

FUNCTIONS OF INPUT FORMAT-BAND 
DIGIT PAIRS 

In understanding the applications of format-band digits, 
it is necessary to remember that card column information 
can be accommodated only by pairs of format digits; one 
digit to transfer the numeric portion of the column ; one 
digit to transfer the zone portion. 

NUMERIC TRANSFER: DIGIT PAIR 31 

As shown in previously cited examples, the format digit 
1 will transfer one digit of numeric information to the 
information band and then to core storage. To effect the 
transfer of numeric characters, therefore, only the nu- 
meric portion of the card column need be transferred by 
the format digit 1; the zone portion is deleted by the 
digit 3. Thus the digit pair 31 is used to edit numeric 
information in a given card column. 

ALPHABETIC TRANSFER: DIGIT PAIR 11 

The Data Processor recognizes certain pairs of decimal 
digits as being the equivalents of certain alphabetic char- 
acters, and under specified conditions will translate them 
as such. For example: A = 41, B = 42 and so forth. 
Since each portion of the card column, zone and numeric, 
will contain a digit of numeric information, there must 
be a punch in both portions if alphabetic information is 
to be obtained. In the editing control stream, then, the 
digit pair 11 is required to transfer one column of alpha- 
betic information to the information band and core stor- 
age. The right-most digit transfers the numeric portion 
of the column; the next digit transfers the zone portion. 

COLUMN DELETE: DIGIT PAIR 33 

If the entire contents of a card column are to be deleted 
and not transferred to the Data Processor word, the digit 
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pair 33 is entered in the editing control stream in the 
positions corresponding to that column. Thus both the 
zone and numeric portions of the column are deleted and 
the information is not transferred to core storage. 



FORMAT BAND 

For the purposes of most applications, the construction 
of an input format band can be considered as five sepa- 
rate steps : 

1. Determining the editing requirements. These are 
established when the punched-card format is known 
and the processing requirements, including the form 
needed for the Data Processor words, have been 
stated. 

2. Filling out the CARDATRON format-band coding 
form (Figure 6-2). This furnishes a written repre- 
sentation of the format digits that will do the re- 
quired editing. 

3. Preparing the cards that will contain the format 
digits to be read into core storage. 

4. Loading the format-band digits into storage. 

5. Transferring the format-band digits from storage 
to the designated format band on the Input Unit 
buffer drum. 



USING THE FORMAT-BAND 
CODING FORM 

ORDERING OF EDITING AND TRANSFER 

On the format-band coding form (Figure 6-2), the num- 
bered squares for the format-band digits read from right 
to left. This right-to-left order is characteristic of the 
BURROUGHS 220 CARDATRON System: the digits are 
written on the coding form from right to left; informa- 
tion on a card is both edited and transferred from right 
to left, beginning with column 80. 

ACTIVE SEGMENT 

Those digits required for editing the contents of a card 
and inserting O's and 2's into the Data Processor words 
make up the active segment of a format band. There are 
always at least 160 digits in the active segment because 
two digits are needed to edit each of the 80 columns on 
a card. There will be more than 160 digits in the active 
segment if the editing requirements call for the insertion 
of O's or 2's among the information digits read from 
the card. The active segment begins with digit position 
1, on the right side of the coding form. 



INACTIVE SEGMENT 

The rest of the total of 319 available digits comprise the 
inactive segment of the format band. Eleven of these must 
be O's (usually the last eleven); the other positions of 
the inactive segment are occupied by 3's. 

WRITING AN INPUT FORMAT BAND: 
EXAMPLE 

This section describes the use of an input format-band 
coding form by following, step by step, the process of 
writing an input format band. The completed sample 
form is shown in Figure 6-2. A sample problem, such as 
the Payroll Adjustment Card format and format band 
shown in Figure 6-2, will illustrate the principles and 
techniques of coding a format band in a typical but sim- 
ple situation. 

At the top of the CARDATRON format coding form, 
there is a horizontal row of squares numbered 1 — 120, 
from left to right. The first 80 of these numbers represent 
the 80 columns in a punched Payroll Adjustment input 

card. The card format is laid out along this row, in par- 

.11-1 j'--i.:-„ 11- jr i„4;4. 4.„ _:„i,j. j;^u J^^^ Ji^;+ 

aiici lasiiiuii, nuiiiiaiiy iium icii tu iigm, uigit-j.uj.-»^ign., 

as shown in Figure 6-2. The symbols representing the 
information in the card are: 

A = Alphabetic character 

N = Numeric character 

D = Digit delete 

In left to right order, that is, reading from column 1 
through 80, the card itself contains the following infor- 
mation : 

1. Two deleted digits, columns 1 and 2. 

2. Employee number; numeric information, columns 3 
through 10. 

3. Employee's name; alphabetic information, columns 
11 through 25. 

4. Department; alphabetic information, columns 26 
and 27. 

5. Standard rate of pay ; numeric information, columns 
28 through 30. 

6. Overtime rate; numeric information, columns 31 
through 33. 

7. Deleted digits; columns 34 through 52. 

8. Department number; numeric information, columns 
53 and 54. 

9. One deleted digit, column 55, 

10. Insurance premium; numeric information, columns 
56 through 59. Numeric sign, displayed in entire 
card column. 



6-9 



The CARDATRON System 



11. Year-to-date gross; numeric information, columns 
60 through 66; sign is overpunched in column 60. 

12. Year-to-date net; numeric information, columns 67 
through 73; sign is overpunched in column 67. 

13. Code; alphanumeric information, columns 74 
through 77. 

14. Three deleted digits, columns 78 through 80. 

In the center of the lower half of the coding form, there 
is a block labelled STORAGE DISPLAY. Here, the card 
format is filled in just as it will appear in core storage. 
It is divided into two segments, each representing a col- 
umn of Data Processor words (the card format), and 
their locations in storage (labelled LOG.), with space 
provided for remarks. The programmer should begin the 
entries in the bottom row of the right-hand segment, since 
the information is transferred into storage in descending 
order. 

Beginning with the bottom row of the right-hand segment, 
the right-most field of information on the punched card, 
(in this case it is the alphanumeric code) is entered in 
the space provided. Note that this does not include the 
three deleted digits in columns 78 — 80. Since two numeric 
characters on a punched card are required to transfer one 
alphabetic character to core storage, every alphabetic 
character transferred will occupy two digit positions in 
the Data Processor word. Therefore, the format for this 
particular word in core storage will be : 

1012 OOOOONAAAAN 

The code digits for the alphabetic characters AA in the 
punched card occupy digit positions 6 — 9 in the Data 
Processor word, and are represented in STORAGE DIS- 
PLAY as AA AA. The programmer chose to assign this 
word to storage location 1012; the ensuing words are 
stored sequentially in descending order. 

The next two words, representing this employee's year- 
to-date net and year-to-date gross, are stored in locations 
1011 and 1010, respectively. Since these words contain 
only numeric information, there is a one-for-one digit 
transfer from punched card to core storage. They will 
appear in storage, then, as: 



1010 
1011 



lOOONNNNNNN 
lOOONNNNNNN 



Provision must be made for including the sign digit, in 
both cases an overpunch, since these quantities may have 
either a positive or negative value. 

For this particular application, the programmer has chos- 
en to insert a complete word of zeros in location 1009. 
Most of the other Data Processor words in the STORAGE 



DISPLAY are partially constructed of zeros. Data Proc- 
essor words, then, may contain zeros in any amount, and 
words wholly or partially containing zeros may be placed 
in the STORAGE DISPLAY wherever desired. 

The insurance-premium Data Processor word contains 
three digits of numeric information. Note, however, that 
a numeric character with the designation "sign" occupies 
column 56 of the card format section. This means that 
the sign digit of the word appears in the numeric portion 
of the punched card as a 1 if negative, and as a blank 
if positive. 

The next word, the department number, contains two 
digits of numeric information and is stored in location 
1007. Obviously, the deleted digits which follow this word 
in the punched card are not shown in the STORAGE 
DISPLAY section. 

Storage locations 1006 and 1005 are occupied by the 
overtime rate and the standard rate of pay respectively. 
Each contain three digit positions of numeric informa- 
tion, and here again, there is a one-for-one transfer to 
core storage. 

The department code, which occupies columns 26 and 27 
in the punched card, is alphabetic information and occu- 
pies the four least-significant-digit positions in storage 
location 1004. As in the case of the code number in loca- 
tion 1012, it is necessary to remember here that two nu- 
meric characters are required to transfer one alphabetic 
character to core storage. Therefore, the word in location 
1004 shows the configuration: 2000000AAAA. The same 
is true of the employee's name, which appears in columns 
11 through 25 of the punched card. These 15 digits are 
alphabetic information; owing to this same requirement 
of a two-for-one transfer, the name appears in core stor- 
age as three words (ten digits plus sign), occupying lo- 
cations 1003, 1002, and 1001. 

Note that in each of the four Data Processor words which 
contain only alphabetic information, the digit 2 appears 
in the sign position of each word. Whereas the digit 2 in 
the sign position will not directly affect operation within 
the CARDATRON system, it serves to demonstrate the 
fact that a format digit 2 will insert a 2 in the stored 
program. Further, the 2 in the sign position is required 
to effect compatibility between the CARDATRON system 
and the Paper-Tape and Supervisory Printer systems, if 
an alphabetic translation of the material is desired. There- 
fore, unless a 2 is provided in the sign-digit position, 
there can be no supervisory printout in alphabetic char- 
acters. 

THE EDITING CONTROL STREAM 

In the central portion of the coding form, there are five 
parallel rows of numbered squares, beginning with 1 and 
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INPUT 
NUMBER OF O'a = <» 3 
NUMBER OF Vi — 7^ 
NUMBER OF r% » ^ 
NUMBER OF 3't — O^ 



8UM»- ZZI 
O'l + Vt -h 2'« 



DIGIT CHECK FOR ACTIVE SEGMENT 

OUTPUT 

NUMBER OF O'a — 

NUMBER OF 1'« a 

NUMBER OF r« — 

NUMBER OF V% — 

SUM* — 



— WORDS PER CARD 



(S5-f'7G-(-4' 



// 
1'> + S'O 



= /3 



— CARD COLUMNS 



76 f84- _An 



O'a + 1'« + « X «•« _<>fti iim>i« PRINTED 
2 OR PUNCHED 



1'a + 2'a + 8'a 



= WORDS 



*if tha actlva aagmant atarta In format band digit poaltion 1, tha aum of O'a, 1'a, 2'a, 
and 3'8 ahould b« idantlcal with the format band digit poaltion containing th« laat 
digit of tha actlva aagmant. 

Figure 6-2. Format-Band Coding Form (Input}. 



BAND NO; / 
UNIT NO: / 
INPUT: ^ 
OUTPUT: 



TnLw 5fl^PL£' PA.03LeM 



ROUTINE: 

DAT E : 



REMARKS:. 



Pav/z 



OCC 



/9-DJl/jSTA4£-/Ur- CTA/ZD 



INPUT: 



FORMAT BAND 
OIOITS 


EDITING FUNCTION 


CORE REGISTER 
SHIFTS 


INFORMATION 
TRANSFER 


D. IB REGISTERS 
SHIFT 





INSERT 


NO 


NO 


YES 


1 


TRANSFER DIGIT 


YES 


YES 


YES 


2 


INSERT 2 


NO 


NO 


YES 


3 


DELETE DIGIT 


YES 


NO 


NO 



TYPE OF CARD 
COLUMN 


ABBR 


FORMAT 
BAND DIGITS 


EDITED RESULTS IN WORD 


ALPHABETIC OR 
SPECIAL CHARACTER 


A 
D 


11 
33 


TRANSLATED INTO TWO-DIGIT CODE. 
CHARACTER DELETED. 


NUMERIC 


N 
A 

D 


31 
11 

33 


TRANSLATED INTO SINGLE DIGIT. 
TRANSLATED INTO TWO-DIGIT CODE; 
DIGIT PRECEDED BY INSERTED 8. 
DIGIT DELETED. 


BLANK 


A 
D 


11 
33 


TRANSLATED AS 00. 
COLUMN DELETED. 


NONE 





2 


INSERTED; NO EFFECT ON CARD CONTENTS. 
2 INSERTED; NO EFFECT ON CARD CONTENTS. 



NOTES: 

1. Always start the active segment of the editing control stream In. digit position 1 on the format band. 

2. The Inactive segment follows the active segment and contains 3's, except as noted below. 

3. Eleven O's are needed following the active segment to shift the last word out of the D register and Into 
storage. These O's may appear anywhere In the inactive segment (usually they should occupy digit posi- 
tlons 309 through 319). 



OUTPUT: 



FORMAT BAND 
DIGITS 


EDITING FUNCTION 


D, IB REGISTERS 
SHIFT 


INFORMATION 
TRANSFER 


CORE REGISTER 
SHIFTS 





INSERT BLANK 


NO 


NO 


YES 


1 


TRANSFER ALPHA 


YES 


YES 


YES 


2 


TRANSFER NUMERIC 


YES 


YES 


YES 


3 


DELETE DIGIT 


YES 


YES 


NO 



TYPE OF OUTPUT 


K 

m 

CO 

< 


FORMAT BAND 
DIGITS 


PUNCHED OR PRINTED RESULTS 


ALPHABETIC OR 
SPECIAL CHARACTER 


A 


11 
33 


TWO-DIGIT CODE TRANSLATED AS 
ALPHABETIC OR SPECIAL CHARACTER. 
TWO DIGITS DELETED. 


NUMERIC 


N 
SN 

sz 

A 
D 


2 
01 

10 
11 
3 


ONE DIGIT TRANSLATED NUMERICALLY. 

1 THROUGH 9 TRANSLATED NUMERICALLY; 
TRANSLATED AS BLANK. 

OVERPUNCH SIGN WITH NO DIGIT UNDERPUNCH. 

OVERPUNCH SIGN WITH DIGIT UNDERPUNCH. 

ONE DIGIT DELETED. 


BLANK 


B 


00 


BLANK COLUMN PRODUCED. 



NOTES: 



Always start the active segment of the editing control stream with digit position 1 corresponding to the 
numeric part of column 120. Always write a format band as if the output contained 120 printing or punch- 
ing positions. 

The inactive segment follows the active segment aid contains 3's. 

The editing control stream digit pair 01 does not always produce the same effect as the digit 2. 
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proceeding right to left to 319. In these squares, the edit- 
ing control stream digits are entered, in right-to-left order 
exactly as they will appear in the format band on the 
buffer drum. For every column in the card format (which 
will appear in the information band on the buffer drum), 
there must be corresponding editing digits in the format 
band. The functions of these editing control stream digits 
can probably be demonstrated most clearly by showing 
the word-for-field corres'">ondence between the format 
band and the card format. 

Alphabetic, numeric, and alphanumeric information as 
well as deleted digits in the punched card are transferred 
by pairs of digits in the format band: one digit to trans- 
fer the numeric portion of the column, and the next digit 
to transfer the zone portion of the column. (The excep- 
tions among the format digits are O's and 2's. A will 
insert a in the information band; a 2 will insert a 2.) 
The card columns are edited by the control stream digits 
as follows: 

According to the card format established on page 6-9 for 



thf 



«amnlf» nr. 



^hh 



f\\o tUt 



Air 



78 — 80 are transferred by the pairs of 3's which occupy 
format-digit positions 1 — 6. The digit pair 33 deleted col- 
umn 80 of the card. The 3 in position 1 of the format 
band deleted the numeric portion of column 80, and the 
3 in position 2 of the format band deleted the zone por- 
tion of column 80. The digit pairs 33 in format-band posi- 
tions 3 — 6 deleted columns 79 and 78 in the same fashion. 

The first card field contains alphanumeric information 
and occupies columns 77 — 74. The first digit to be trans- 
ferred is numeric and is located in column 77 ; the format 
digit 1 in position 7 transfers the numeric portion of the 
column ; the digit 3 in position 8 deletes the zone portion 
of the card. The digit pair 31 in the format band, then, 
is required to transfer one numeric digit to the informa- 
tion band. The characters in columns 76 and 75 are 
alphabetic; since alphabetic characters appear in Data 
Processor code as two decimal digits (for example A = 
41, B = 42), the digit pair 11 will be required to transfer 
these digits to the information band. Thus, the digits in 
positions 9 through 12 on the format band will transfer 
card columns 76 and 75: the 1 in position 9 will transfer 
the numeric portion of column 76, and the 1 in position 

10 will transfer the zone portion of that column. In the 
same fashion, the digit pair 11 in format band positions 

11 and 12 will transfer the information in column 75. As 
previously described, the digit pair 31 in positions 12 and 
14 will transfer the numeric information in column 74. 

Format-band positions 15 through 19 are filled with 
zeros; in the first card field there are only four columns 



of information, which are transferred to the information 
band by the format digits in positions 7 through 14. In 
core storage, however, eleven digit positions (ten digits 
plus sign) must be filled in order to form a complete 
Data Processor word. Since there is a one-for-one transfer 
of zeros, that is, a zero in the format band will transfer 
a zero to the information band, the programmer need only 
insert as many zeros as are required to complete the Data 
Processor word. This word was assigned to storage loca- 
tion 1012 and has the configuration: 

1012 OOOOONAAAAN 

The second card field, the year-to-date net, occupies card 
columns 73 through 67 with a sign overpunch (a 1 or X 
punch in column 67). The numeric information in the 
card columns is transferred under control of the format- 
digit pairs 31 in positions 20 through 32. Note, however, 
that although a 1 digit is in position 32 of the format 
band, position 33 contains a 0. So, also, do positions 34 
and 35. In this card field, the card format calls for an 
overpunch in column 67 to supply the sign digit in the 
Data Processor word. The 1 digit in format position 32 
accommodates the numeric portion of colum.n 67; the O's 
in positions 33 — 35 fill in the remainder of the Data 
Processor word and delay the transfer of the zone portion 
of column 67 which is brought in at sign time under con- 
trol of the 1 digit in position 36 of the format band. The 
next card field, the year-to-date gross, is transferred in 
exactly the same fashion by the format digits in positions 
37—53. 

The eleven O's in format positions 54 — 64 insert an equal 
number of O's in the information band on the buffer 
drum; these, in turn, are transferred to core storage 
where they are stored as a complete word of O's in loca- 
tion 1009. 

The insurance premium, including numeric sign, occupies 
card columns 59 — 56. However, to obtain the desired scale 
factor in the Data Processor word, the three O's in format 
positions 65, 66 and 67 cause O's to be inserted in the 
three least-significant-digit positions of storage location 
1008. The next three digit pairs 31 transfer the numeric 
information in card columns 59 — 57 which occupy digit 
positions 5, 6, and 7 in location 1008. The O's in format 
positions 73 — 77 transfer an equal number of O's to the 
four high-order positions of the Data Processor word; 
then, the digit pair 31 in positions 78 and 79 transfers a 
1 or punch from the numeric portion of column 56 to 
the sign position of this location. 

Column 55 of the punched card is deleted by the digit 
pair 33 in format positions 80 and 81. The following 
word, the department number, is transferred, in the man- 
ner previously described, by the digit pairs 31 in positions 
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90 — 93 of the format band. The O's are suppHed in the 
normal fashion. Card columns 52 through 34, however, 
are deleted by the digit pairs 33 in format positions 95 — 
132: these deletions do not affect, in any way, the opera- 
tion of the CARDATRON System, and the next card fields 
in order are transferred in regular sequence to core stor- 
age. 

The card fields labelled "Dept." and "Name" both con- 
tain alphabetic information: the digit-pairs 11 in positions 
151 — 203 effect the necessary transfer of these alphabetic 
characters to the information band. Since two numeric 
are required to carry one alphabetic, twice as many digit 
positions in core storage will be occupied, as there are 
columns in the card format. Thus, the employee's name 
appears in core storage as three Data Processor words, 
occupying locations 1003, 1002, and 1001 in that order. 
The 2's in the sign positions of these words were trans- 
ferred directly by the 2's in the format band positions 
171. 182, 193. and 204. 

In the prescribed manner, the employee number in the 
last card field is transferred to storage location 1000 by 
the digit pairs 31 in format positions 205 — 220. Card 
columns 1 and 2 are deleted by the digit-pairs 33 in posi- 
tions 224 — 227 ; these digits are a function of the editing 
control stream, and are not connected with the inactive 
segment of the format band. 



words are stored in descending order in storage locations 
1129 through 1101. The last instruction in this section, 
6 0000 Op aaaa, is used as a "bootstrap" to continue. If, 
for example, there are additional cards to be read, it may 
be a CARD READ or a CARD READ, FORMAT LOAD 
instruction: or it may be a BRANCH UNCONDITION- 
ALLY (BUN I instruction if control is to be turned over 
to a stored program. 

The left-most section of the format-band coding form is 
labelled PAPER-TAPE PREPARATION, and shows the 
format-digit layout for paper-tape input. Note that the 
format digits enter in descending order beginning with 
position 1 at the bottom of the column. Just as in the 
punched card, the editing control digits for the first 
information field form word number 29, and proceed 
through word 1 which is the final word of O's. The un- 
numbered 11-digit word positions at the top and bottom 
of the form are for paper-tape read and transfer-control 
instructions respectively.^ 

In the lower right-hand corner of the coding form, a sec- 
tion is provided for checking the digit count of the active 
segment of an input format band. Whereas this count 
cannot guarantee complete accuracy, it is an aid in de- 
tecting clerical errors. 



OUTPUT UNIT OPERATION 



THE INACTIVE SEGMENT 

Positions 228 — 319 of the format band comprise what is 
known as the inactive segment. It is that portion of the 
319 available format digits which is not used in the edit- 
ing control stream. It is filled in entirely with the digit 
3. except for the last eleven positions which contain O's. 

The section labelled PUNCHED CARD PREPARATION 
contains provisions in columns 4 through 14 for entering 
"bootstrap" instructions. The four least-significant-digits, 
columns 11 through 14, contain the addresses of the stor- 
age locations where the contents of the next card will be 
stored. Columns 9 and 10 contain the operation code: in 
this case, a 60, which is a CARD READ (CRD) instruc- 
tion. Column 5 contains the unit-designate digit of the 
control portion of the instruction; this instruction has 
designated Input Unit 1. A 6 occupies the sign position 
in column 4; under control of this sign digit, the instruc- 
tion is transferred to the C register for immediate execu- 
tion. The 6 in column 1 signifies that the editing control 
stream is assigned to format-band 6, that is, on each of 
the cards containing format digits, a 6 punch in column 
1 is used for selecting numeric format. The format-band 



The Output Unit, like the Input Unit, is made up of two 
essential parts, control circuitry and a magnetic drum 
( the buffer ) . On the drum are six bands for storing in- 
formation. One band, called the information band, is used 
to store information transferred from the Data Processor 
to the card-handling machine. The remaining five bands, 
called format bands, are used to contain editing control 
streams. Each of the six bands on the buffer can accom- 
modate 319 digits. 

Corresponding to each digit position in the information 
band is a digit position in each of the five format bands. 
Each of these digit positions is identified uniquely and in 
order by one of the numbers from 1 to 319. Digit position 
1 is regarded as the origin of a band. Whereas each digit 
position in the information band consists of a full four- 
bit decade — and hence is capable of storing any one of 
the decimal digits — each digit position in a format band 
is comprised of only two positions: it is possible to write 
only digits 0, 1, 2 and 3 in the format band. As is the 
case with an input format band, the four bit or the eight 
bit will be ignored if an attempt is made to write as a 
format-band digit a decimal digit greater than or equal 
to four. 



' A careful study of this paper-tape format section is advised. A 2 in the sign position of any of the 29 words will cause alphabetic transla- 
tion of each such word as it is read into the Data Processor. This can be prevented by having the operator set the PZT switch, on the left- 
hand Maintenance Panel of the console, to the UP position. Doing so will ensure numeric translation of all words. (See Handbook of 
Operating Procedures for the BURROUGHS 220 for a discussion of the PZT switch.) 
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INFORMATION TRANSFER 

The transfer of information from the Data Processor to 
a card-handling machine takes place in two phases. Dur- 
ing the first phase, information is transferred from the 
Data Processor to the information band in response to a 
CARD WRITE instruction. During the second phase, the 
contents of the information band are transferred to a 
card-handling machine. This is accomplished, indepen- 
dently of the Data Processor, under control of an Output 
Unit. After information has been transferred from the 
Data Processor to the information band, execution of the 
program is resumed automatically. 

Phase 1: From Data Processor to Buffer. (See Figure 
6-3.) Each CARD WRITE instruction specifies the for- 
mat band which is to edit the stream of information to be 
transferred from the Data Processor. 



If an attempt is made to execute another CARD WRITE 
instruction before the transfer of information from the 
buffer to the card-handling machine has been completed — 
that is, before completion of Phase 2 of the information 
transfer associated with the preceding CARD WRITE in- 
struction — the Data Processor will wait until the Output 
Unit is in a state of readiness. The status of an Output 
Unit may be ascertained by executing a CARD WRITE 
INTERROGATE, BRANCH instruction. 

Phase 2: From Buffer to Card-Handling Machine. (See 
Figure 6-3.) After the information band has been loaded 
by the execution of a CARD WRITE instruction, its con- 
tents are transferred to the card-handling machine. With 
the completion of this transfer, the final editing, the dele- 
tion of unwanted digits and conversion to card code, is 
completed. 



STORAGE 



liiiiiiiiii 

:l1234567890 



ADDER 



IB 
REGISTER 



1 234567890 



IT 



D REGISTER 



TRANS- 
LATOR 



CARDATRON 
CODE 



BUFFER 
DRUM 



DATA PROCESSOR 

CODE TO 
CARDATRON CODE 



CARDATRON CODE 
TO CARD CODE 




TRANS- 
LATOR 



CORE SHIFT 
REGISTER 




TC5> 
PART] 



CARDATRON 
CODE 



(^ PUNCHED 
CARD 

' 1 PRINT 



PRINTED 



PART 2 

I i 



PART 1 



Figure 6-3. Output information path. 



Up to 28 full words can be transferred from sequentially 
addressed storage locations in the Data Processor. The 
first digit transferred is taken from the storage location 
specified by the address portion of the CARD WRITE 
instruction. The remaining digits are transferred from 
core storage locations in order of sequentially descending 
addresses. 

The editing control stream on the format band selected by 
the CARD WRITE instruction performs a part of the edit- 
ing process when the information is transferred to the 
information band: O's are inserted. In addition, part of 
the conversion from Data Processor code to card code is 
accomplished. 



The purpose of Phase 2 of the output cycle is to present 
information from the buffer to the card-handling machine 
in the proper sequence for printing or punching. The con- 
version of information from serial presentation to parallel 
presentation takes place when the contents of the output 
Core Shift Register are transferred to the card-handling 
machine. 

As each digit is transferred from the information band it 
is set into a decade of comparison toggles. When the tog- 
gles are set, their value is compared with the value of the 
Output Unit's row counter setting; at the same time the 
corresponding editing control stream digit in the format 
band is examined. Three cases need to be considered: 
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1. Each time there is agreement between the row coun- 
ter and the comparison toggles the input position — 
the first core — of the Core Shift Register'^ is set and 
the entire Core Shift Register is shifted one place to 
the right, except when the editing control stream 
digit is a 3. 



2. When the editing control stream digit is a 3, the 
corresponding digit in the information band is de- 
leted by the simple expedient of not setting and not 
shifting the Core Shift Register. 



Table 6-2. Row Counter settings, CARDATRON 220 Output Unit 



9-Eclge-First Machine 


1 2-Ecige-First Machine 


Row 




Row 




Counter 


Significance 


Counter 


Significance 


Setting 




Setting 




13 


Print 12 row; buffer unloaded, 


10 


Punch 9 row ; buffer unloaded, 




ready for Data Processor. 




ready for Data Processor. 


12 


Erase information band if CWR. 


11 


Erase information band if CWR. 




Erase format band if CWF. 




Erase format band if CWF. 


11 


Transfer information from 


12 


Transfer information from 




Data Processor to buffer. 




Data Processor to buffer. 


10 


Buffer loaded, ready for printer. 


13 


Buffer loaded, ready to punch. 


9 


Transfer 9's to cores. 


14 


Transfer 12's to cores. 


8 


Transfer 8's to cores. 


15 


Transfer 1 I's to cores. 




Print 9 row. 




Punch 12 row. 


7 


Transfer 7's to cores. 





Transfer O's to cores. 




Print 8 row. 




Punch 11 row. 


6 


Transfer 6's to cores. 


1 


Transfer I's to cores. 




Print 7 row. 




Punch row. 


5 


Transfer 5's to cores. 


2 


Transfer 2's to cores. 




Print 6 row. 




Punch 1 row. 


4 


Transfer 4's to cores. 


3 


Transfer 3's to cores. 




Print 5 row. 




Punch 2 row. 


3 


Transfer 3's to cores. 


4 


Transfer 4's to cores. 




Print 4 row. 




Punch 3 row. 


2 


Transfer 2's to cores. 


5 


Transfer 5's to cores. 




Print 3 row. 




Punch 4 row. 


1 


Transfer I's to cores. 


6 


Transfer 6's to cores. 




Print 2 row. 




Punch 5 row. 





Transfer O's to cores. 


7 


Transfer 7's to cores. 




Print 1 row. 




Punch 6 row. 


15 


Transfer 1 I's to cores. 


8 


Transfer 8's to cores. 




Print row. 




Punch 7 row. 


14 


Transfer 12's to cores. 


9 


Transfer 9's to cores. 




Print 11 row. 




Punch 8 row. 



" The output Core Shift Register is comprised of 120 magnetic cores that are connected to the 120 FROM CARDATRON hubs on the plug- 
board panel of a line printer; or, 80 of the cores are connected to the 80 FROM CARDATRON hubs on the plugboard panel of a card 
punch. If the Output Unit is connected to a punch, cores numbered 1 through 80 in the Core Shift Register will have been cable-connected 
to the punch. 
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3. When the row counter setting and the comparison 
toggles do not agree, the Core Shift Register is 
shifted one place to the right without setting the in- 
put position, except when the editing control stream 
digit is a 3. In the latter case, the effect is as de- 
scribed in 2. 

Thus, for each row counter setting the information band 
is scanned for digits corresponding in value to the row 

^r^,,■^^a — £,»f; — ^~„„ T^ui^ /c; o\ . *u^ -,-.T,X: — ,_„4.;_„ _x u 

digits in the information band is represented by the set 
positions in the Core Shift Register, with the exception of 
digits that have been deleted. At this time a digit impulse 
is emitted from the card-handling machine. The purpose 
of this impulse is to so synchronize the Output Unit and 
the card-handling machine that information corresponding 
to the set positions of the Core Shift Register can be 
transferred to the card-handling machine. The value of 
this information is determined by the digit tim.e of the 
card-handling machine's cycle during which this transfer 



Each position in the Core Shift Register is connected to 
and thereby controls, by means of control panel wiring, 
iiic energizing oi a corresponuing puncn or print magnet 
in the card-handling machine. If the machine is a punch, 
all the positions in the card that are to be punched in a 
given row will be punched at the time the information in 
the cores is transferred. 

If the card-handling machine is a printer, each of the bits 
of information in the Core Shift Register sets the corre- 
cr»QTiniTicr tvng wheel SHch time the di^^it ^ulse is emitted. 
When all of the information has been transferred from the 
information band, the line printer will print one line. 



DESIGNATION OF FORMAT BANDS 

Each of the five format bands on the buffer of an Output 
Unit is identified uniquely by one of the digits from 1 to 
5. No special format bands are used by the Output Unit. 
All of the format bands are under program control; that 
is, the entire contents of a designated format band may be 
changed by executing a CARD WRITE, FORMAT LOAD 
instruction. 

FORMAT BAND SELECTION 

The desired format band is designated by a digit in the 
CARD WRITE or CARD WRITE, FORMAT LOAD in- 
struction. 

INSTRUCTIONS 

CARD WRITE (CWR) is an instruction that transfers up 
to 28 words from sequentially addressed storage locations 
in the Data Processor to the information band of a desig- 
nated Output Unit. The instruction also designates the 
format band whose contents are to edit the information 



transferred. In addition, it must be specified whether the 
Suppress-12 mode is elected (see page 6-25). The first 
digits transferred are taken from the storage location 
specified by the address part of the CARD WRITE in- 
struction. The remaining digits are taken from, storage 
locations in order of sequentially descending addresses. 

CARD WRITE. FORMAT LOAD (CWF) is an instruc- 
tion that provides the ability to load the editing control 
stream dibits onto the buffer drum "^f an '^u^^u* tTt-.u ^^ 
transfers 319 digits, stored in 29 consecutively addressed 
storage locations, to the designated format band of a des- 
ignated Output Unit. The contents of the location speci- 
fied by the address part of the CARD WRITE. FORMAT 
LOAD instruction will occupy the first 11 digit positions 
on the format band. Suppose the instructions were CWF 
1249. Then (1219:01) goes to format-band digit position 
1; (12-19:91) goes to format-band digit position 2; . . . ; 
and (1249:d=l) goes to format-band digit position 11. 
The word in location 1248 will occupy format-band digit 
positions 12 through 22. And so forth. Finally, ( 1221:09) 
will occupy the last nine digit positions on the format 
band. 

CARD WRITE INTERROGATE, BRANCH (CWI) is an 

instruction that permits the program to determine if a 
designated Output Unit is ready to be used. If the unit 
queried is ready, control is transferred, that is, the con- 
tents of the P register are replaced by the address part of 
the CWI instruction; otherwise, control continues in 
sequence. 



runv.iiv/na \^r v/uirui tv^kivim i -DMni/ 
DIGITS 

Processed material passes through the two output phases 
under control of an editing control stream, just as it must 
during input. There are, however, basic differences be- 
tween the activities of the input and output editing control 
streams; a proper understanding of the functions of the 
output format bands must necessarily include an under- 
standing of the separate digits which comprise them. It is 
the purpose of this section to describe and exemplify ( see 
Figure 6-4), the functions of these digits. 

INSERT BLANK DIGIT (0) 

The primary function of the digit is the insertion of a 
blank in a portion of a card column. A single will ac- 
commodate either the numeric or the zone portion of the 
column; to insert an entire blank column in the output 
card, or a blank print position, the digit pair 00 must be 
entered in the corresponding format-band digit positions. 
Assume, for example, that a Data Processor word contains 
digits for the alphabetic characters A, B, C, D and E, and 
the program calls for a printout of this particular word 
with blank print positions following the second and fourth 
characters : 
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Data Processor word 


41 


42 




43 


44 




45 


Format-band digits 
Printed line 


11 
A 


11 
B 


00 
b* 


11 
C 


11 
D 


GO 
b* 


11 
E 



* b = Blank column 

The numeric characters in the Data Processor word were 
transferred by the digit pair 11, and translated into their 
alphabetic equivalents by the line printer. The digit pairs 
00 forced the blank spaces between B and C, and D and E. 

TRANSFER-ALPHANUMERIC DIGIT (1) 

The format digit 1 will transfer either the numeric or zone 
portion of a card column of alphabetic information. The 
transfer of an entire card column, then, must be effected 
by the use of the digit pair 11, since alphabetic characters 
are represented in Data Processor code by the decimal 
digit pairs 41, 42, and so forth. The right-hand format 
digit 1 causes the digit in the corresponding position on 
the information band to be transferred with numeric in- 
terpretation; the next digit of the transfer pair is given 
zone interpretation. If the format digit pair 01 is used to 
edit a given card column, only the numeric portion of 
that column will be transferred; the position on the in- 
formation band corresponding to the zone portion will re- 
main blank. If the transfer pair 10 is used, only the zone 
portion will be transferred, and the numeric portion will 
remain blank. 



Data Processor word 


1 


3 


41 


Format-band digits 


10 


01 


11 


Printed line or punched column 


Print 

or 

Punch 11 

(over punch) 


3 


A 



TRANSFER NUMERIC DIGIT (2) 

Format digit 2 will transfer a single numeric character 
from core storage to its corresponding position on the in- 
formation band. This digit will, by itself, accommodate 
the information at both zone and numeric time and will 
effect the complete transfer of any numeric digit from 
through 9. A 2 will not transfer decimal-digit pairs or 
alphabetic characters, this can be achieved only under 
control of the digit pair 11; note, however, that a is 
regarded as any other decimal digit and can be trans- 
ferred only by a 2, and not by a format digit as is the 
case on input. For example, if a printout of a word con- 
taining both alphabetic and numeric information is de- 
sired : 



Data Processor 
word 


1 


42 


43 


5 


7 


9 


4 





3 


Format-band 
digits 

Printed line 


2* 

1 


11 
B 


11 
C 


2* 
5 


2* 

7 


2* 
9 


2* 
4 


2* 



2* 
3 



* Format digit 2 will translate a as a to both the punch and 
the printer. The digits 01, however, will translate a as a blank. 

DELETE DIGIT (3) 

The format digit 3 will delete the digit in the correspond- 
ing position in the Data Processor word. A single 3 will 
delete a single Data Processor digit and has no effect on 
the print position or on the punched-card column. It will 
not, however, delete such information as alphabetic char- 
acters or pairs of decimal digits both of which would 
occupy a single card column. To effect such a deletion, 
the digit pair 33 must be used in the format band. The 
following example illustrates the use of the delete digit. 



Data 


1 


4 


9 


2 


A 


D 


3 


7 





Data Processor 


1 


4 


9 


2 


41 


44 


3 


7 





word 




















Format-band 


2 


3 


2 


2 


33 


33 


2 


2 


3 


digits 




















Printed line* 


1 




9 


2 






3 


7 





* In the actual printout, this line will appear as: 1 9 2 3 7; the 
delete digit does not leave spaces in the printed line. 

The desired numeric characters are transferred by the 
format digit 2. The digits 4 and in the Data Processor 
word are deleted by the corresponding 3's in the format 
band; the digit pairs 41 and 44 in the Data Processor 
word are deleted by the format digit pairs 33. 



THE EXECUTE PHASE 

The remainder of the CARDATRON System chapter will 
be devoted to a discussion of the Execute Phase of the 
CARDATRON instructions. 



CARD READ (CRD) 
Operation Code. 60 

Instruction Format. 



Definitions. 

u : designates Input Unit. 



Hh 


1 


2 


3 


4 


5 6 


7 8 9 


± 


U 


i 


V 


r 


0,P 


a a a a 

1 1 1 
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CARDATRON FORMAT BAND CODING FORM 



T.TLg. £'XAAyf/=>L£ : OUTPUT 



__ ROUTINE NO.. 



INPUT D 
OUTPUT S 



BAND NO.. 
UNIT N0_ 



/3CA/JK 

ilzlsUlslil? 

■ ■ ■ 1 ■ ■ ■ 



BLAaJ< 



{[:^M|2s|2t|27|a| 



/3CAAJ/C 



^ 



m 



jSOiAJ/C 



-m 



3CAAJ/C 



I S S S 



BiAAJ^ 



aiA\AA 



\n •n\n 



30fAJ/C 



ii|tt|ii 



z 



Ai^ 



^ 



JBc/t/OK 



01 



ihfin/lA/Ul/lJt/lA/ 



|k|«|i?|»|»|mi|iii 



JBCAA/K 



^W 



i 



/o 



s 



AM/Ll/iyi/|»/iV|Ay 

ii«|mjni|iw|m|m|ui 



II II 11 12 U 14 IS II 17 II II n 21 a 2»M 2S Zt 27 Ma 31 31 32 S3 34 3$ 31 37 31 31^ « 41 C 43 44 4S 41 47 a 41 SI SI S2 S3 M SS SS S7 SI SI H II 6 S3 M B H 17 H M 71 71 72 73 74 7S 71 77 71 71 « 



M e N 17 



II S 



m 



« WIN 



111112 



113 




PUNCHED CARD PREPARATION 



II 12 



14 IS 11 



17 11 



[E 



a a 27 a a 



MS 



2 I S I 4 I 8 I I I 7 I t I » I I0| ll| H| I3| 14 IS | l« | 17 | It [ l» [ 20 [ jl | 2»| a| ii] 2»| » | 27 | 21 1 29 [ M | 31 | 32 | 3»| 34 | m| M | 37 | »» | »» | 4> | 41 1 4a| 43| 44| 4»| 4»| 47| 41 1 4» | M | II | m| M| m| W| m| WJ m| M | M | tl | l»| W| M| m| ^ 



3 O O 6 O / Z 



/ 



24 







I 



25 



26 







27 



28 



00 



/o 



29 



18 



19 



20 



o\oo 



21 



/ 



22 



oo 



oo 



23 



7t 



o\o 



Z 12 



313 



33 



13 



o 







o\o 



14 



00 



IM 



W IM 



15 



ImI ISlj IMJ IM °I84[ 



16 



oo 



oo 



17 



^m 



o\o 



10 



2I4J2I3 



21* 



/ 



11 



2WJMi »4jiM IM 































































1 






















2 






















3 






















4 






















5 


r~^ 




















































" 


"" 




-. 


-s 


317 


i.. 


315 


314 


313 


312 


311 


310 


309 


30. 


307 


300 


30S 


304 


303 


302 


301 


300 


299 


291 


297 


2H 


2tl 


294 


293 


292 


291 


290 


209 2M 


2«7 


2M 


2M 


2*4 


xn 


202 


201 


201 


279 


270 


277 


270 


271 


274 


273 


271 


271 


271 


2M|sM 


117 


IM 


^ 




























i 










^ 


^ 


a<3La,a.(9 ^ 


03 






































































































^_ 






„_ 










_ 


__ 


__ 


__ 


.. 


i_ 


__ 








i_ 












— i 


— 

















LJ 


1 1 










1 1 




LJ 






L-J 






1-^ 


[-J 





STORAGE DISPLAY J 


LOC. f 


# 


± 


1 


2 


3 


4 


5 


6 


7 


8 


9 





REMARKS 


LOC. 


# ± 


1 


2 


3 


4 


5 


6 


7 


S 


9 





REMARKS 


Z 





1 


r 


/ 


•t 


A/ 


A/ 


A/ 


A/ 


to 


A/ 


A/ 


A/ 


A/ 


A/ 






































z 





I 


S 


Z 


p 


D 


V 


V 


i) 


T) 


D 


2> 


V 


z> 


D 


1>€L£TS TH/^ lJo^I> 




































z 





1 


9 


3 


V 


Pi 


^ 


/9 


/9 


D 


D 


2) 


D 


a; 


AJ 






































z 





z 





^ 


+ 


f\) 


/U 


J? 


P 


D 


D 


P 


D 


a; 


a; 






































z 





z 


1 


5 


AJ 


D 


D 


2) 


2) 


z> 


AI 


AJ 


AJ 


a; 


h] 






































z 


\0 


i2 


z 


[^ 


i- 


JJ 


/\) 


[^ 


ia; 


/} 


/^ 


Ai 


i^ 


/9 


A) 






































z 





2 


S 


7 


D 


f^ 


n 


fl 


^ 


^ 


/? 


/) 


/? 


ft 


^ 




































z 





2 


4- 


s" 


V 


/9 


/4 


/? 


/? 


/? 


7 


/? 


/? 


^ 


n 






































z 





% 


S 


9 


± 


Ai 


Ai 


AJ 


a; 


a; 


rj 


a; 


a; 


A/ 


A) 






































z 





2 


G 


/o 


•t 


/U 


M 


a; 


a; 


V 


A/ 


A/ 


A/ 


a; 


t\) 


















. 












































































































































































































































































































































_ 






^^ 








^_ 




^_ 


__i 





DIGIT CHECK FOR ACTIVE SEGMENT 
INPUT 



NUMBER OP O** — . 
NUMBER OF Va — . 
NUMBER OF a** — . 
NUMBER OF S's- 
SUM'- 



^lLlJ^ldtJ!' _wORD8 PER CARD 



11 



r« + 3'0 



— CARD COLUMNS 



OUTPUT 
NUMBER OF O'o — ^ '^ 

34- 



NUMBER OF 1'a •- 



NUMBER OFr«—. 



4-7 
Z9 



NUMBER OF V*> 

8UM*= ZZZ 



O'o + 1'» -H t X r> ^ COLUMNS PRINTED 
2 OR PUNCHED 



//Z-h'^-f9^ ^;„n 



i'« + y + yo ^ WORDS 



M±dll^2—,^/0 



// 



•If tha actlva aagmant atarta in format band digit poaitlon 1, tha aum of Vn, 1'a, ra, 
and 3*8 ahould ba Idantlcal with the format band digit poaltion containing th« laat 
digit of tha actlva aagmant. 

Figure 6-4. Forwat-Band Coding Form (Output). 



BAND NO; S 
UNIT NO: J 

INPUT: 

OUTPUT 



*^ 



T.Tt p. £XAMPL£: OUT POT 

ROUTINE: 



r.r^r^^^. BAU£-IZ-/?€'trMey£-J^ 
DATE: 



REMARKS: 



INPUT: 



FORMAT BAND 
DIQITS 


EDITING FUNCTION 


CORE REGISTER 
SHIFTS 


INFORMATION 
TRANSFER 


0. IB REGISTERS 
SHIFT 





INSERT 


NO 


NO 


YES 


1 


TRANSFER DIGIT 


YES 


YES 


YES 


2 


INSERT 2 


NO 


NO 


YES 


3 


DELETE DIGIT 


YES 


NO 


NO 



TYPE OF CARD 
COLUMN 


ABBR 


FORMAT 
BAND DIGITS EDITED RESULTS IN WORD 


ALPHABETIC OR 
SPECIAL CHARACTER 


A 
D 


11 i TRANSLATED INTO TWO-DIGIT CODE. 
33 CHARACTER DELETED. 


NUMERIC 


N 
A 

D 


31 
11 

33 


TRANSLATED INTO SINGLE DIGIT. 
TRANSLATED INTO TWO-DIGIT CODE; 
DIGIT PRECEDED BY INSERTED 8. 

DIGIT DELETED. 


BLANK 


A 
D 


11 TRANSLATED AS 00. 
33 COLUMN DELETED. 


NONE 




INSERTED; NO EFFECT ON CARD CONTENTS. 
2 2 INSERTED; NO EFFECT ON CARD CONTENTS. 



NOTES: 

1. Aiway* start the active aeament of the editing control stream In digit position 1 on the format band. 

2. The Inactive segment follows the active segment and contains 3's, except as noted below. 

3- ^'cvgn O's are needed following the active segment to shift the last word out of the D register and into 
storage. These O's may appear anywhere In the inactive segment (usually they should occupy digit posi- 
tions 309 through 319). 



OUTPUT: 



FORMAT BAND 
DIGITS 


EDITING FUNCTION 


D. IB REGISTERS 
SHIFT 


INFORMATION 
TRANSFER 


CORE REGISTER 
SHIFTS 





INSERT BLANK 


NO 


NO 


YES 


1 


TRANSFER ALPHA 


YES 


YES 


YES 


2 


TRANSFER NUMERIC 


YES 


YES 


YES 


3 


DELETE DIGIT 


YES 


YES 


NO 



TYPE OF OUTPUT 


-S-T- 

CO 

ea 

< 


FOflMAT BAND 
DIGITS 


1 

PUNCHED OR PRINTED RESULTS 


ALPHABETIC OR 
SPECIAL CHARACTER 


'^ 1 


11 
33 


! TWO-DIGIT CODE TRANSLATED AS 
j ALPHABETIC OR SPECIAL CHARACTER. 
TWO DIGITS DELETED. 




N 1 


2 


' ONE DIGIT TRANSLATED NUMERICALLY. 


NUMERIC 


SN 


01 


1 THROUGH 9 TRANSLATED NUMERICALLY; 
TRANSLATED AS BLANK. 




sz 


10 


OVERPUNCH SIGN WITH NO DIGIT UNDERPUNCH. 




A 


11 


; OVERPUNCH SIGN WITH DIGIT UNDERPUNCH. 




D 

"b~ 


3 


1 ONE DIGIT DELETED. 


BLANK 


00 


i BLANK COLUMN PRODUCED. 



NOTES: 

1. Always start the active segment of the editing control stream with digit position 1 corresponding to the 
numeric part of column 120. Always write a format band as if the output contained 120 printing or punch- 
ing positions. 

2. The inactive segment follows the active segment a id contains 3's. 

3. The editing control stream digit pair 01 does not always produce the same effect as the digit 2. 
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variation designator : 

V = 0: Input control words will be recognized as 

such. 

V = 1: Input control words will not be recog- 

nized as such. 

r = 8: designated input will be B-register ad- 
dress-modified. 

r = 0: no B-register address-modification of in- 
put. 

T = 9: designated input will be B-register ad- 
dress-modified; Reload Lockout will be 
imposed. 

r = 1: no B-register address-modification of in- 
put; Reload Lockout will be imposed. 

address of base of location into which is written 
first word transferred from the information band. 



Description of Operation. Transfer the contents of the in- 
formation band from Input Unit u to core storage. The 
first 11 digits transferred from the information band are 
stored in location B[aaaa] ; the next 11 digits transferred 
are stored in location B[aaaa] — 1; the next 11 digits 
transferred are stored in location B[aaaa] — 2; and so 
forth. Therefore, the card fields from right to left are in 
core storage locations in ascending order. The editing 
control stream used to edit the contents of the informa- 
tion band is the one on the format band which was se- 
lected by the card whose contents are on the information 
band. 

If r = 1 or 9, Reload Lockout will be imposed, that is, 
the transfer to the information band of the contents of 
the next card in the card reader will be inhibited. 

If r = or 8, Reload Lockout will be released, if it had 
been imposed. 



Table 6-3. CARDATRON input sign control 



Sign 
Digit 


Where 
Sensed 


r = 
(rC:41) 


V = 

(rC:31) 


Effect 



1 
2 
3 
4 
5 


rD 
rD 
rD 
rD 
rD 
rD 


Any 
Any 
Any 
Any 
Any 
Any 


Any 
Any 
Any 
Any 
Any 
Any 


None. (Sign digit stored as 0.) 
None. (Sign digit stored as 1.) 
None. (Sign digit stored as 2.) 
None. (Sign digit stored as 3.) 
None. (Sign digit stored as 4.) 
None. (Sign digit stored as 5.) 


6 


rIB 


Any 





This is a control word : terminate the transfer of information from the information 
band; release the Input Unit to read the next card; enter the Fetch Phase at 
connector P (see page 2-4 ) . The control word is then treated as an instruction 
(because the sign digit is even, there will be no B-register address-modification) . 


1 


None. (Sign digit stored as 6.) 


7 


rIB 


Any 





Except that B-register address-modification will occur during the Fetch Phase — 
because the sign digit is odd — the effect is the same as that when the sign digit 
is 6 and v = 0. 


1 


None. (Sign digit stored as 7.) 


8 


rD 


¥^9 


Any 


None. (Sign digit stored as 8.) 


8, 9 


Any 


B-regif ter address^modif ication occurs ; the sign digit is stored as 0. 


9 


rD 


¥^9 


Any 


None. (Sign digit stored as 9.) 


8,9 


Any 


B-register address-modification occurs; the sism digit is stored as 1. 
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If Reload Lockout was imposed by the card whose con- 
tents are being transferred by this CRD instruction, the 
execution of this CRD instruction will set Reload Lock- 
out. (See page 6-6.) The contents of the card following 
the one which imposed Reload Lockout will not be auto- 
matically transferred to the information band after com- 
pletion of this CRD instruction. Another CARDATRON 
cycle — the execution of either a CRD or CRF instruction 
— is required to release Reload Lockout. 

Input sign-control is effected as described in Table 6-3. 

Flow Chart. 

CLEAR rE, rIB. 



STORAGE 
ALARM STOP 



(rlB)-^[(rE)l 
(rE) - 1 — rE 
CLEAR rlB 



l 



SHIFT (rD) ONE 
PLACE RIGHT. 

NEXT DIGIT FROM 
INFORMATION BAND 
-^rD:±l. 



5 
TIMES 



CARDATRON 
OPERATION 
COMPLETE 

OPERATION COMPLETE 



(£) 



{rC:04) = B[aaaal— w-rE. 

(rD)-»-rCD. 
CLEAR rD. 



CARDATRON ALARM STOP 
(NO FORAAAT OR NON- 
EXISTENT INPUT UNIT) 



(sy 



6 



(rD:01) -LADDER 
(ADDER)-^rlB:61 
(rD:51) -»-rlB:±l 

SHIFT (rD) AND (rIB) 
ONE PUCE RIGHT. 

NEXT DIGIT FROM 
INFOR/AATION BAND 
-^rD:±1. 











(rlB:±1)/4 = 1 
(rlB:±l)/2 = 1 
(rC:31)/1 = 



z 



6 



SET UP TO 
ENTER FETCH 
PHASE. 

TERMINATE THE 
TRANSFER OF 
INFORMATION. 



2-4 



I 



(THE CARDATRON "CLOCK" NOW 
PROVIDES PULSES FOR DATA 
PROCESSOR OPERATION, TOO.) 



SHIFT (rD) ONE PLACE 
RIGHT. 

NEXT DIGIT FROM 
INFORMATION BAND 
.*.rD:±1. 



11 
TIMES 



(rC:41)/8 = 1 
(rD:±l)/8 = 1 



6 
TIMES 



J 



SET (rD:±l)/8 = 0. 

(rD:01)— LADDER 
(rD:51)— •-rlB:±1 

SHIFT (rD) AND (rIB) 
ONE PLACE RIGHT. 

NEXT DIGIT FROM 
INFORMATION BAND 
-•►rD:±l. 







(ADDER) + (rB:01) 
-»-rlB:61 

(rD:01)-*> ADDER 
(rD:51)— •-rlB:±l 

SHIFT (rD) AND (rIB) 
ONE PLACE RIGHT. 

SHIFT AND CIRCULATE 
(rB) ONE PLACE RIGHT. 

NEXT DIGIT FROM 
INFORMATION BAND 
-^rD:±l. 



4 
TIMES 



Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. (See Remark 8.) 

2. CARDATRON ALARM STOP due to designating a 
nonexistent input unit. 

3. Digit Check ALARM STOP. (See Remark 9.) 

4. No Format ALARM STOP on Input Unit control 
panel. 



TURN OFF CARRY 
INDICATOR. 

(rD:01) -»- ADDER 
(ADDER)-»>rlB:61 
(rD:51) -».rlB:±l 

SHIFT (rD) AND (rIB) 
ONE PLACE RIGHT. 

NEXT DIGIT FROM 
INFORMATION BAND 
-^rD:±l. 



Remarks. 

1. r = 3, 5, or 7 has the same effect as r 
4, or 6 has the same effect as r = 0. 



1 ; r = 2, 



2. V = 2, 4, 6, or 8 has the same effect as v = 0; 
V = 3, 5, 7, or 9 has the same effect as v = 1. 

3. The inactive segment of a format band must con- 
tain eleven O's. (Usually these O's will occupy for- 
mat-band digit positions 309 through 319.) If the 
inactive segment does not contain these eleven O's, 
the last word transferred from the information band 
will not be written in core storage: it will be lost to 
the program. 

4. If Reload Lockout is imposed, it is done by selecting 
format band 8. Format band 8 must be selected in 
conjunction with the selection of some other format 
band: if it is not, a No Format ALARM STOP will 
occur on the Input Unit control panel. 

5. Once Reload Lockout is imposed, it can be removed 
only by specification in a CRD or CRF instruction : 
removal of Reload Lockout is achieved by making r 
an even digit. 

6. At the beginning of the Execute Phase of a CRD in- 
struction B[aaaa] = (rC:04) is transferred to the 
E register. The address of the core storage location 
into which will be written each successive word 
transferred from the information band is obtained 
by decreasing by 1 the contents of the E register 
after each word is stored. 
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Location 








Contents of numeric part of card 
stored in digit position 


column 










± 


1 


2 


3 4 5 6 


7 


8 


9 





1013 


70 


71 


72 


73 74 75 76 


77 


78 


79 


80 


1012 


59 


60 


61 


62 63 64 65 


66 


67 


68 


69 


1011 


48 


49 


50 


51 52 53 54 


55 


56 


57 


58 


1010 


37 


38 


39 


40 41 42 43 


44 


45 


46 


47 


1009 


26 


27 


28 


29 30 31 32 


33 


34 


35 


36 


1008 


15 


16 


17 


18 19 20 21 


22 


23 


24 


25 


1007 


4 


5 


6 


7 8 9 10 


11 


12 


13 


14 


1006 
1005 
1004 
1003 
1002 
1001 








inserted O's 




1 


2 


3 






inserted O's 






inserted O's — 










inserted O's 














inserted O's — 






inserted O's 

























Since the E register counts modulo the size of storage, 
care must be exercised in the choice of B[aaaa]. For 
example, suppose the Data Processor has 4000 words of 
core storage; suppose also that B[aaaa] is chosen so that 
some word is transferred to location 0000. After this word 
is stored, 1 will be subtracted from 0000, the contents of 
the E register, modulo 4000. The E register will then con- 
tain 3999. 

7. The selection of numeric format, format band 6, al- 
lows a maximum of 13 numeric words to be trans- 
ferred from the information band to core storage 
when the next CRD instruction is executed : all over- 
punches will be deleted. 

Suppose, for example, that the instruction is 1000 CRD 
1013; suppose also that the control panel is wired 80-80. 
The execution of the specified CRD instruction will load 
storage as displayed in the table above : 

If it is desired to prevent the insertion of zeros as shown 
above, it is necessary to supply the card with a word hav- 
ing a 6 or 7 in the sign-digit position. Suppose, for ex- 



ample, that it is desired to transfer only four words from 
a card which has selected numeric format; suppose also 
that the control panel is wired 80-80. Then these four 
words must occupy the fields comprised of columns 
70—80, 59—69, 48—58, 37—47, inclusive. The field com- 
prised of columns 26 — 36, inclusive, must be an instruc- 
tion, and must have a 6 or 7 in the sign-digit position 
(column 26). Let the CRD instruction be as specified 
above. The execution of that instruction will load storage 






8. Once the transfer of information from the informa- 
tion band to the Data Processor has begun, it can 
terminate only when all of the information has been 
transferred to the D register. Examination of the 
flow chart will disclose that the information transfer 
is already under way when a Storage ALARM STOP 
can occur (it occurs before the first word is written 
in core storage). Hence, none of the words will be 
stored; in other words, the information is "lost," 
that is, the card whose contents were on the infor- 
mation band must be re-read. 



Location 








Contents of numeric part of card column 
stored in digit position 










± 


1 


2 


3 4 5 6 7 


8 


9 





1013 


70 


71 


72 


73 74 75 76 77 


78 


79 


80 


1012 


59 


60 


61 


62 63 64 65 66 


67 


68 


69 


1011 


48 


49 


50 


51 52 53 54 55 


56 


57 


58 


1010 


37 


38 


39 


40 41 42 43 44 


45 


46 


47 



No other locations in storage will be affected. 
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9. A Digit Check ALARM STOP can occur after the 
execution of a CRD instruction only as a result of 
detecting the impermissible configuration when the 
attempt is made to shift the digit out of rD:01. Ex- 
amination of the flow chart will disclose that it is 
possible to write in core storage a word with an 
impermissible configuration in some digit position. 
This can happen because : 

a. The contents of the D register are transferred to 
the IB register in two parts, the high-order part 
of the word being split off with rD:51. Hence, if 
the impermissible configuration first occurs in 
any digit position in rD:56 before the transfer to 
rlB of (rD) is begun, it will be transferred to 
rIB; and 

b. Since the contents of the IB register are trans- 
ferred to storage in parallel, no check is made in 
rIB for the impermissible configuration. 

Further examination of the flow chart discloses that the 
contents of the D register are shifted to the right as each 
additional digit is transferred from the information band 
to the D register. Some digits are transferred to rD — 
whose contents are shifted to the right as each digit is en- 
tered in rDrzhl — while the word in rIB is being written 
in storage : the transfer to storage is completed before the 
D register is completely filled with the next word from 
the information band. 

Again it should be noted that once the transfer of infor- 
mation to the Data Processor has begun, it can terminate 
only when all of the information has been transferred to 
rD. Thus, digits from the information band will "pile up" 
in rDrdrl immediately after the impermissible configura- 
tion is detected. In no case can the ALARM STOP be pre- 
vented from occurring. In any event: 

a. It is not possible to predict with certainty what will 
be in the D register ; 

b. The card whose contents were on the information 
band must be re-read ; and 

c. The E register will provide a clue to the location in 
storage of the word with the impermissible config- 
uration. Suppose the word is in aaaa: then (rE) — 
aaaa — L 



Register Status. 




Register 
name 


Contents after execution 
of CRD 


A 


Unchanged 


R 


Unchanged 


D 


« 


B 


Unchanged 



(rP)b +1 



u 


i 


V 


r 


6,0 


,B[aaaa] 



Address of last location filled — 1 



Register 
name 


Contents if Storage 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


* 


B 


Unchanged 


P 
C 

E 


(rP)b + 1 






u 


i 


V 


r 


6 


B[aaap] 




B[ 


aaaa] 





* (rD:67) = 0000000; (rD:04) are the four high-order digits of 
the last word transferred from the buffer. 



Register 
name 


Contents if No Format or 
CARDATRON ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






u 


i 


V 


r 


6 


Bfaaaa] 




B[ 


aaaa] 





Register 
name 


Contents if Digit Check 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


** 


B 


Unchanged 


P 
C 

E 


(rP)b + 1 






u 


i 


V 


r 


6 


B[aaa,a] 




Ad 


dress of last location filled — 1 





** Depends on when the impermissible configuration is detected. 
See flow chart. 
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CARD WRITE (CWR) 
Operation Code. 61 

Instruction Format. 



±: 


1 


2 


3 


4 


5 6 


7 8 9 


± 


u 


i 


c 


f 


O.P 


a a a a 

1 1 1 



Definitions. 

u : designates Output Unit. 

c: specifies which of the T RELAYS is/are selected 

for additional control of the line printer. 

f: specifies which format band is used to edit the 

output; in addition, if 

f is even: the Suppress- 12 mode of printing or 
punching is selected. 

f is odd: the Suppress-12 mode is not selected. 

aaaa: address of base of location from which is taken 
the first digit transferred to the information band. 

Description of Operation. Transfer to the information 
band of Output Unit u the contents of up to 28 core stor- 



1 1.Z j_n 



iU- 1 x_ -X r>r T 

uic cuiiicms ui ULaaaaj arc 



transferred first; (B[aaaa] — 1) are transferred next; 
. . . ; (B[aaaa] — 27) are transferred last. The number 
of digits transferred is determined by the editing control 
stream on the format band which is specified by f. 

The format band whose contents are used to edit the in- 
formation transferred to the information band is specified 
in the table below : 



f 


Format 
Band 


Suppre$s-12 
Mode? 





1 


Yes 


1 


1 


No 


2 


2 


Yes 


3 


2 


No 


4 


3 


Yes 


5 


3 


No 


6 


4 


Yes 


7 


4 


No 


8 


5 


Yes 


9 


5 


No 



The Suppress-12 mode has to do with overpunching the 
sign digits of numeric words, that is, words whose signs 
are either or 1, in accordance with either of the two 
conventions for overpunching signs. The Suppress-12 
mode also has to do with printing the sign digits of 
numeric words (in the tables below it is assumed that the 
printer is a 407 with Type A print wheels). 



Two cases need to be considered : 

Case 1 : the sign digit is translated by the editing control 
stream digit pair 10. In this case the sign digit occupies a 
column or print position by itself. 



Suppress-12 
Mode? 


± = 


± = 1 


Punch 


Print 


Punch 


Print 


Yes 

No 


Blank 
12 


Blank 
& 


11 
11 


— 



Case 2: the digit preceding the sign digit and the sign 
digit are translated by the editing control stream digit 
pair 11, In this case the sign digit shares a column or 
print position with the digit which precedes it. 



Suppress-12 
Mode? 


± = 


± = 1 


Punch 


Print 


Punch 


Print 


Yes 

No 


Blank 
12 


a 
c 


11 
11 


b 
b 



a. The digit preceding the sign digit. 

b. The alphabetic character whose code is 11 — n, where 
n is the digit preceding the sign digit. 

c. The alphabetic charar.ter whosf" rnde is 12 — n, where 
n is the digit preceding the sign digit. 

The digit c is used to transfer the T RELAYS whose 
points are available on the control panel of the printer 
(see the Handbook of Operating Procedures for the BUR- 
ROUGHS 220) . After the edited contents of the informa- 
tion band have been transferred to the printer, all of the 
relays will have been returned to their normal (N) posi- 
tion: they are returned to normal just prior to the trans- 
fer from the Core Shift Register of the last row of infor- 
mation. The selection of relays specified by c is shown in 
the following table : 



c 


Relays 
Selected 





None 


1 


1 


2 


2 


3 


3 


4 


4 


5 


5 


6 


2 and 4 


7 


3 and 5 


8 


None 


9 


1 
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As soon as the transfer of information from core storage 
to the information band is completed, the Output Unit 
automatically directs the transfer of the contents of the 
information band to the card-handling machine. 

Flow Chart. 



CARDATRON 
ALARM STOP 



CLEAR rE, rIB. 



(rC:04) -*-tE. 

(rD) — ^rCD. 
CLEAR rD. 



STORAGE 
AURM STOP 



(THE CARDATRON "CLOCK" NOW 
PROVIDES PULSES FOR DATA 
PROCESSOR OPERATION, TOO.) 



{B[aaaa)) — ^rlB 



CLEAR ADDER 



©- 



(ADDER)— ^INFORMATION 
BAND. 

(rlB:01)— LADDER 
(rlB:41) — ^rD:51 

SHIFT (rIB) ONE PLACE 
RIGHT. 

SHIFT (rD) ONE PUCE 
RIGHT. 



5 
TIMES 



(ADDER) — "-INFORMATION 
BAND. 

(rlB:01)— LADDER 
CLEAR rIB 
(rE) - 1 — ^rE 



(J) 



[(rE)l- 



(ADDER) — INFORMATION 
BAND. 

(rD:01)— LADDER 

SHIFT (rD) ONE PLACE 
RIGHT. 



5 
TIMES 



Q CLEAR rD. 



CARDATRON 
OPERATION 
COMPLETE 



OPERATION COMPLETE 



Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. ( See Remark 2. ) 

2. CARDATRON ALARM STOP due to designating a 
nonexistent output unit. 



3. Digit Check ALARM STOP. (See Remark 3.) 
Remarks 

1. At the beginning of the Execute Phase of a CWR 
instruction B[aaaa] = (rC:04) is transferred to the 
E register. The address of the core storage location 
from which is read each successive word transferred 
to the information band is obtained by decreasing 
by 1 the contents of the E register after each word 
is read. 

Since the E register counts modulo the size of stor- 
age, care must be exercised in the choice of B[aaaa]. 
For example, suppose the Data Processor has 4000 
words of core storage; suppose also the B[aaaa] 
< 0028: hence, some word will be read from loca- 
tion 0000. After this word is read, 1 will be sub- 
tracted from 0000, the contents of the E register, 
modulo 4000. The E register will then contain 3999. 

2. Examination of the flow chart will disclose that con- 
trol is vested in the CARDATRON Unit— by virtue 
of the fact that the CARDATRON "clock" is pro- 
viding pulses for Data Processor operation, too — 
when a nonexistent address is detected. The detec-' 
tion of the nonexistent address inhibits the transfer 
of any information in the Data Processor. But the 
CARDATRON Unit must complete its cycle of op- 
eration, even through no information is transferred 
from the Data Processor to the buffer. The ALARM 
STOP will occur after Part 1 of the CARDATRON 
cycle is completed. Part 2 of the CARDATRON cycle 
will also occur : 

a. If the Output Unit is connected to a punch, a 
card will be fed. The card will contain a mixture 
of blank columns and 0-punches, the configura- 
tion being determined by the contents of the for- 
mat band selected by the CWR instruction. 

b. If the Output Unit is connected to a printer, a 
blank line will be produced. 

3. The detection of an impermissible configuration oc- 
curs when (rIB:OI) and (rD:01) are shifted to the 
right. Such an event can occur only after control is 
vested in the CARDATRON Unit (see the flow 
chart). The detection of the impermissible config- 
uration immediately stops the transfer of informa- 
tion within the Data Processor, and from the Data 
Processor to the buffer. But the CARDATRON Unit 
must complete its cycle of operation, even though 
no more information is transferred to it. The Digit 
Check ALARM STOP will occur after Part 1 of the 
CARDATRON cycle is completed. Part 2 of the 
CARDATRON cycle will also occur. The nature of 
the output depends both on the editing control 
stream and on how much information was trans^ 
ferred from the Data Processor to the buffer. 
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Register Status. 



Register 
name 


Contents after 
execution of CWR 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






u 


i 


c 


f 


^l 


B[aaaa] 

1 "-I 1 -■ 




B[ 


aaaa] — 28 





Register 
name 


Contents if Digit Checic 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


* 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






u 


i 


c 


f 


6 1 Bfaaaa] 

1 1 S 1 -■ 




* 







* Depends on when the impermissible configuration is detected. 
See flow chart. 



Register 
name 


Contents if Storage or 
CARDATRON ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 

C 
E 


(rP)t, + 1 






u 


i 


c 


f 


6 1 

1 


BTaaaa] 




B[ 


aaaa] 





CARD READ, FORMAT LOAD (CRF) 

Operation Code. 62 

±1234567890 
Instruction Format. 



Definitions. 

u : designates Input Unit. 

f ; specifies which format band will be written. If f is 

odd, Reload Lockout is imposed. 

aaaa: address of base of location from which is read the 
first word transferred to the format band speci- 
fied by f . 

Description of Operation. Transfer to the format band 
specified by f — Input Unit u — the contents of 29 core 
storage locations as follows: the contents of B[aaaa] oc- 
cupy format-band digit positions 1 through 11; (B[aaaa] 

— 1) occupy positions 12 through 22: . . . ; (B[aaaa] 

— 27) occupy positions 298 through 308; (B[aaaa] — 
28) occupy positions 309 through 319. 

The selection of the format band on which the editing 
control stream is written and the imposition or release of 
Reload Lockout are accomplished as described in the 
table below: 



f 


Format 
Band 


Reload 
Lockout 





1 


Released 


1 


1 


Imposed 


2 


2 


Released 


3 


2 


Imposed 


4 


3 


Released 


5 


3 


imposed 


6 


4 


Released 


7 


4 


Imposed 


8 


5 


Released 


9 


5 


Imposed 



Flow Chart. See page 6-28. 
Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address (See Remark 3.) 

2. CARDATRON ALARM STOP due to designating a 
nonexistent input unit. 

3. Digit Check ALARM STOP. (See Remark 4.) 



Remarks. 
1. 



rt 


u 


'i' 


f 


O.P 


a, a, a, a 



A format-band digit position contains only two bits. 
Hence, a format-band digit may be only one of 0, 
1, 2, or 3. If an attempt is made to write as a for- 
mat-'band digit some decimal digit greater than or 
equal to 4, the 4-bit or the 8-bit will be dropped 
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resulting in the transfer of the setting of the 1-bit 
and/or the 2-bit when that decimal digit is trans- 
ferred to the selected format band. For example: a 
4 or 8 would be transferred as 0, a 5 or 9 as 1, etc. 

2. At the beginning of the Execute Phase of a CRF 
instruction B[aaaa] — (rC:04) is transferred to 
the E register. The address of the core storage loca- 
tion from which is read each successive word trans- 
ferred to the format band is obtained by decreasing 
by 1 the contents of the E register after each word 
is read. 



Since the E register counts modulo the size of storage, 
care must be exercised in the choice of B[aaaa]. For 
example, suppose the Data Processor has 4000 words of 
core storage; suppose also that B[aaaa] < 0028; then 
some word will be read from location 0000. After this 
word is read, 1 will be subtracted from 0000, the contents 
of the E register, modulo 4000. The E register will then 
contain 3999. 



CARDATRON 
ALARM STOP. 



STORAGE 
ALARM STOP. 



ay 




CLEAR rE, rIB. 
(rC:04) — »-rE. 



rD)— •-rCD. 
CLEAR rD. 



(THE CARDATRON "CLOCK" NOW 
PROVIDES PULSES FOR DATA 
PROCESSOR OPERATION, TOO.) 

{B(aaaa])-*-rlB. 
CLEAR ADDER 



O {ADDER)-*-FORMAT BAND 
^ (rlB:01) —•►ADDER 5 

(rlB:41)-^rD:51 TIMES 



SHIFT (rIB) ONE PLACE 
RIGHT. 

SHIFT (rD) ONE PLACE 
RIGHT. 



(ADDER) -•-FORMAT BAND 
(rIBrOl) —•-ADDER 
CLEAR rIB 
(rE) - 1 -^rE 



3. Examination of the flow chart will disclose that con^ 
trol is vested in the CARDATRON Unit— by virtue 
of The fact that the CARDATRON "clock" is pro- 
viding pulses for Data Processor operation, too — 
when a nonexistent address is detected. The detec- 
tion of the nonexistent address inhibits the transfer 
of information in the Data Processor. But the CAR- 
DATRON Unit must complete its cycle of operation, 
even though no information is transferred from the 
Data Processor to the buffer. 



The ALARM STOP will occur after the CARDATRON 
cycle is completed. It will appear that the designated for- 
mat band had all O's written on it. 

4. The detection of an impermissible configuration oc- 
curs when (rIB:01) and (rD:01) are shifted to the 
right. Such an event can occur only after control is 
vested in the CARDATRON Unit (see the flow 
chart). The detection of the impermissible config- 
uration immediately stops the transfer of informa- 
tion within the Data Processor, and from the Data 
Processor to the buffer. But the CARDATRON Unit 
must complete its cycle of operation, even though no 
more information is transferred to it. 

The Digit Check ALARM STOP will occur after the 
CARDATRON cycle is completed. It will appear that the 
designated format band contains O's following the last 
digit transferred from the Data Processor. 



[(rE)] — •-rIB 



(ADDER) -^FORMAT BAND 
(rD:01) -•-ADDER 



SHIFT (rD) ONE PLACE 
RIGHT. 



5 
TIMES 



Register Status. 



Register 
name 



A 
R 
D 
B 
P 

C 
E 



CARDATRON 
OPERATION 
COMPLETE 



OPERATION COMPLETE 



Contents after 
execution of CRF 



Unchanged 
Unchanged 
Cleared 
Unchanged 

(rP)b + 1 



u 


i i 

1 


f 


6 2 

1 


B[aaaa] 

1 "-1 1 -■ 



B[aaaa] - 29 



6-28 



The CARDATRON System 



Register 
name 


Contents if Digit Check 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


* 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 


u i 1 i f 6 12 |B[aaaa] 


« 



Depends on when the impermissible configuration is detected. 
See flow chart. 



Register 
name 


Contents if Storage or 
CARDATRON ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 
C 

E 


(rP)b + 1 






u 


i i 

1 


f 


6 2 

1 


Bfaaaa] 




B[ 


aaaa] 





CARD WRITE, FORMAT LOAD (CWF) 
Operation Code. 63 

Instruction Format. 



± 


1 


2 3 


4 


5 6 


7 8 9 


±: 


u 


\' 


f 


O.P 





Definitions. 

u : designates Output Unit. 

f : specifies which format band will be written. 

aaaa : address of base of location from which is read the 
first word transferred to the format band speci' 
fied by f . 

Description of Operation. Transfer to the format band 
specified by f — on Output Unit u — the contents of 29 
core storage locations as follows: the contents of B[aaaa] 
occupy format-band digit positions 1 through 11 
(B[aaaa] — 1) occupy positions 12 through 22; . . . 
(B[aaaa] — 27) occupy positions 298 through 308 
(B[aaaa] — 28:08) occupy positions 309 through 316. 



The selection of the format band on which the editing 
control stream is written is accomplished as described in 
the table below : 



f 


Format 
Band 


0, 1 
2, 3 
4, 5 
6, 7 
8, 9 


1 
2 
3 
4 
5 



Flow Chart. 



CLEAR rE, rIB. 



CARDATRON f 
ALARM STOP 




1 (THE CARDATRON "CLOCK" NOW 
PROVIDES PULSES FOR DATA 
PROCESSOR OPERATION, TOO.) 



STORAGE 
ALARM STOP. 



(B[aaaa])— ^rlB 



(B> 



CLEAR ADDER 



(ADDER) -^FORMAT BAND 
(rlB:01) -LADDER 
fr-iti..Ai\ _.^rr>.';i 



5 
TimES 



SHIFT (rIB) ONE PLACE 
RIGHT. 

SHIFT (rD) ONE PLACE 
RIGHT. 



(ADDER)-»^ORMAT BAND 
(rlB:01) -v-ADDER 
CLEAR rlB 
(rE) - 1 _rE 



[(rE)]— ^rlB. 



(ADDER) -^FORMAT BAND 

(rD:01)— LADDER ^ 

SHIFT (rD) ONE PLACE TIMES 

RIGHT. I 



CLEAR rD. 



CARDATRON 
OPERATION 
COMPLETE 



(j OPERATION COMPLETE 



(!) 
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Exceptional Conditions. 

1. Storage ALARM STOP due to use of a nonexistent 
address. (See Remark 3.) 

2. CARDATRON ALARM STOP due to designating a 
nonexistent output unit. 

3. Digit Check ALARM STOP. (See Remark 4.) 

Remarks. 

1. A format-band digit position contains only two bits. 
Hence, a format-band digit may be only one of 0, 
1, 2, or 3. If an attempt is made to write as a for- 
mat-band digit some decimal digit greater than or 
equal to 4, the 4-bit or the 8-bit will be dropped 
resulting in the transfer of the setting of the 1-bit 
and/or the 2-bit when the decimal digit is trans- 
ferred to the selected format band. For example: a 
4 or 8 would be transferred as 0, a 5 or 9 as 1, etc. 

2. At the beginning of the Execute Phase of a CWF 
instruction B[aaaa] = (rC:04) is transferred to the 
E register. The address of the core storage location 
from which is read each successive word transferred 
to the format band is obtained by decreasing by 1 
the contents of the E register after each word is read 
from storage. 

Since the E register counts modulo the size of storage, 
care must be exercised in the choice of B[aaaa]. For ex- 
ample, suppose the Data Processor has 4000 words of core 
storage; suppose also that B[aaaa] < 0028: then some 
word will be read from location 0000. After this word is 
read, 1 will be subtracted from 0000, the contents of the 
E register, modulo 4000. The E register will then contain 
3999. 

3. Examination of the flow chart will disclose that con- 
trol is vested in the CARDATRON Unit— by virtue 
of the fact that the CARDATRON "clock" is provid- 
ing pulses for Data Processor operation, too — when 
a nonexistent address is detected. The detection of 
the nonexistent address inhibits the transfer of in- 
formation in the Data Processor. But the CARDA- 
TRON Unit must complete its cycle, even though no 
information is transferred from the Data Processor 
to the buffer. 

The ALARM STOP will occur after the CARDATRON 
cycle is completed. It will appear that the designated 
format band had all O's written on it. 

4. The detection of an impermissible configuration oc- 
curs when (rIB:01) and (rD:01) are shifted to the 
right. Such an event can occur only after control is 
vested in the CARDATRON Unit (see the flow 
chart). The detection of the impermissible config- 
uration immediately stops the transfer of informa- 
tion with the Data Processor, and from the Data 
Processor to the buffer. But the CARDATRON Unit 



must complete its cycle of operation, even though no 
more information is transferred to the buffer. 

The Digit Check ALARM STOP will occur after the 
CARDATRON cycle is completed. It will appear that the 
designated format band contains O's following the last 
digit transferred from the Data Processor. 

Register Status. 



Register 
name 


Contents after 
execution of CWF 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






u 


' 1^ 


f 


6 3 


Bfaaaa] 




B[ 


aaaa] — 29 





Register 
name 


Contents if Digit Check 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


« 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 




u 


' ,i 


f 


6,3 


Bfaaaa] 


* 





Depends on when the impermissible configuration is detected. 
See flow chart. 



Register 
name 


Contents if Storage or 
CARDATRON ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 
C 
E 


(rP)b + 1 






u 


i i 

1 


f 


6,3 


Bfaaaa] 
1 "-1 1 -■ 




B[ 


aaaa] 
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CARD READ INTERROGATE, BRANCH (CRD 
Operation Code. 64 

±123 4 567890 
Instruction Format. 



± 


u 


\'l' 


0,P 


a, a, a, a 



Definitions. 

u: designates Input Unit. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. If Input Unit u is ready, trans- 
fer control to B[aaaa], that is, prepare to take the next 
instruction from B[aaaa] ; otherwise, control continues in 
sequence. 

Flow Chart. 



CLEAR rE, rlB. 

(rC:04) = B[aaaa] — ^rE. 



(rD)— ^rCD 
CLEAR rD 



CARDATRON 
ALARM STOP 



^ 



INPUT UNIT 
IS READY 



(rC:04) = B[aaaa] — ^rP 



T 



Register 
name 


Contents if CARDATRON 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 
C 

E 


(rP), + 1 






u 


i ,i ,i 


6,4 


Bfaaaa] 

1 "-1 1 -' 




B[ 


aaaa] 





CARD WRITE INTERROGATE, BRANCH (CWI) 
Operation Code. 65 

±12 3 4567890 
Instruction Format. 



± 


u 


'lil' 


0,P 


aaaa 



OPERATION COMPLETE 



uefinitions. 

u: designates Output Unit. 

aaaa: address of base of location of alternate instruc- 
tion. 

Description of Operation. If Output Unit u is ready, trans- 
fer control to B[aaaa], that is, prepare to take the next 

incf T-nr^f 1 ^-wn TT*/-»rYi Ml oqoo I " *-\fri^"rTtA7i co /^rf~iTifvr\l /^/-iT^f-irmoc in 

sequence. 
Flow Chart. 



Exceptional Conditions. CARDATRON ALARM STOP 
due to designating a nonexistent input unit. 

Register Status. 



Register 
name 


Contents after 
execution of CRI 




A 


Unchanged 


R 


Unchanged 




D 


Cleared 




B 


Unchanged 




P 

C 
E 


No branch: (rP)b + 1 
Branch: B[aaaa] 






u 


i, i .' 


6,4 


Bfaaaa] 


B[ 


aaaa] 



CARDATRON 
ALARM STOP 



CLEAR rE, rIB. 

(rC:04) = Blaaaa] — »-rE. 



(rD)— ^rCD 
CLEAR rD 



OUTPUT UNIT 
IS READY. 



(rC:04) = B[aaaa]— ^rP. 



OPERATION COMPLETE 



Exceptional Conditions. CARDATRON ALARM STOP 
due to designating a nonexistent output unit. 



6-31 



The CARDATRON System 



Register Status. 



Register 
name 


Contents if CARDATRON 
ALARM STOP occurs 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 

C 
E 


(rP)b + 1 






u 


', i ,' 


6,5 


Bfaaaa] 

1 L, 1 J 




B[ 


aaaa] 





Register 
name 


Contents after 
execution of CWI 


A 


Unchanged 


R 


Unchanged 


D 


Cleared 


B 


Unchanged 


P 

C 

E 


No branch: (rP)b + 1 
Branch: B[aaaa] 






u 


i, i ,i 


6,5 


Bfaaaa] 




B[ 


aaaa] 





6-32 



Appendices 



A. BURROUGHS 220 INSTRUCTION LIST IN OPERATION-CODE ORDER 



Instruction 






Format 






1234 


56 


7890 


Abr 


i ii i 


00 


iiii 


HLT 


i i i i 


01 


iiii 


NOP 


unnv 


03 


aaaa 


PRD 


uiiv 


04 


aaaa 


PRE 


unnv 


05 


aaaa 


PRI 


unni 


06 


aaaa 


PWR 


iii i 


08 


iiii 


KAD 


dnnv 


09 


aaaa 


SPO 


iiiO 


10 


aaaa 


CAD 


iiil 


10 


aaaa 


CAA 


iiiO 


11 


aaaa 


CSU 


iiil 


11 


aaaa 


CSA 


iiiO 


12 


aaaa 


ADD 


iiil 


12 


aaaa 


ADA 


iiiO 


13 


aaaa 


SUB 


iiil 


13 


aaaa 


SUA 


iii i 


14 


aaaa 


MUL 


ii ii 


15 


aaaa 


DIV 


i ii i 


16 


iiii 


RND 


iiii 


17 


aaaa 


EXT 


sLfO 


18 


aaaa 


CFA 


sLfl 


18 


aaaa 


CFR 


iiii 


19 


aaaa 


ADL 


nnnn 


20 


aaaa 


IBB 


nnnn 


21 


aaaa 


DBB 


niiO 


22 


aaaa 


FAD 


niil 


22 


aaaa 


FAA 


niiO 


23 


aaaa 


FSU 


niil 


23 


aaaa 


FSA 


iiii 


24 


aaaa 


FMU 


iiii 


25 


aaaa 


FDV 


sLnn 


26 


aaaa 


IFL 


sLnn 


27 


aaaa 


DFL 



Operation 

Name Page 

HALT 2-6 

i\0 OPERATION 2-7 

PAPER-TAPE READ 5-4 

PAPER-TAPE READ, BRANCH . 5-6 

PAPER-TAPE READ, INVERSE FORMAT 5-8 

PAPER-TAPE WRITE 5-9 

KEYBOARD ADD 3-2 

SUPERVISORY PRINT-OUT 3-2 

CLEAR ADD ,..,.._._ = = = = = .. 2-7 

CLEAR ADD ABSOLUTE =_. = __ = .____._ = .._...,_ 2-7 

CLEAR SUBTRACT 2-8 

CLEAR SUBTRACT ABSOLUTE 2-8 

ADD 2-9 

ADD ABSOLUTE 2-9 

SUBTRACT 2-10 

SUBTRACT ABSOLUTE 2-10 

MULTIPLY 2-11 

DIVIDE 2-12 

ROUND 2-13 

EXTRACT 2-14 

COMPARE FIELD A 2-14 

COMPARE FIELD R 2-14 

ADD TO LOCATION 2-16 

INCREASE B, BRANCH 2-17 

DECREASE B, BRANCH 2-18 

FLOATING ADD 2-18 

FLOATING ADD ABSOLUTE 2-18 

FLOATING SUBTRACT 2-20 

FLOATING SUBTRACT ABSOLUTE 2-20 

FLOATING MULTIPLY 2-22 

FLOATING DIVIDE 2-24 

INCREASE FIELD LOCATION 2-26 

DECREASE FIELD LOCATION 2-27 



A-1 



Appendices 








Instruction 
Format 




± 


1234 


56 


7890 


Abr 


± 


sLnn 


28 


aaaa 


DLB 


±: 


inni 


29 


aaaa 


RTF 


+ 


iiii 


30 


aaaa 


BUN 


± 


iii i 


31 


aaaa 


EOF 


±: 


iiii 


32 


aaaa 


BRP 


±: 


i i in 


33 


aaaa 


BSA 


± 


iiiO 


34 


aaaa 


BCH 


± 


iiii 


34 


aaaa 


BCL 


± 


iiiO 


35 


aaaa 


BCE 


± 


iiii 


35 


aaaa 


BCU 


± 


sLnn 


36 


aaaa 


BFA 


± 


sLnn 


37 


aaaa 


BFR 


± 


uiii 


38 


aaaa 


BCS 


±: 


iiiO 


39 


aaaa 


SOR 


± 


iiii 


39 


aaaa 


SOH 


± 


iii2 


39 


aaaa 


lOM 


± 


sLfO 


4U 


aaaa 


STA 


± 


sLfl 


40 


aaaa 


STR 


±: 


sLf2 


40 


aaaa 


STB 


±: 


iiii 


41 


aaaa 


LDR 


± 


iiiO 


42 


aaaa 


LDB 


rt 


iiii 


42 


aaaa 


LBC 


± 


iiin 


43 


iiii 


LSA 


± 


iiii 


44 


aaaa 


STP 


d:: 


iiii 


45 




CLA 


± 


iii2 


45 




CLR 


± 


i ii3 


45 




CAR 


± 


iii4 


45 




CLB 


±: 


i i i5 


45 




CAB 


± 


ii i6 


45 




CRB 


± 


iii7 


45 


iiii 


CLT 


± 


iiii 


46 


aaaa 


CLL 


± 


iiiO 


48 


i inn 


SRA 


±: 


iiii 


48 


iinn 


SRT 


± 


iii2 


48 


i inn 


SRS 


±: 


iiiO 


49 


i inn 


SLA 


± 


iiii 


49 


i inn 


SLT 


± 


iii2 


49 


i inn 


SLS 





uhhO 


50 


aaaa 


MTS 


4 


uhhO 


50 


aaaa 


MFS 


± 


uhh4 


50 


iiii 


MLS 



Operation 

Name Page 

DECREASE FIELD LOCATION, LOAD B 2-29 

RECORD TRANSFER 2-30 

BRANCH, UNCONDITIONALLY 2-31 

BRANCH, OVERFLOW 2-31 

BRANCH, REPEAT 2-32 

BRANCH, SIGN A 2-32 

BRANCH, COMPARISON HIGH 2-33 

BRANCH, COMPARISON LOW 2-33 

BRANCH, COMPARISON EQUAL 2-34 

BRANCH, COMPARISON UNEQUAL 2-34 

BRANCH, FIELD A 2-35 

BRANCH, FIELD R 2-36 

BRANCH, CONTROL SWITCH 3-3 

SET OVERFLOW REMEMBER 2-37 

SET OVERFLOW HALT 2-37 

INTERROGATE OVERFLOW MODE 2-37 

STORE A 2-38 

STORE R 2-38 

STORE B 2-38 

LOAD R 2-39 

LOAD B 2-40 

LOAD B COMPLEMENT 2-40 

LOAD SIGN A 2-40 

STORE P 2-41 

CLEAR A 2-41 

CLEAR R 2-41 

CLEAR A, R 2-41 

CLEAR B 2-41 

CLEAR A, B 2-41 

CLEAR R, B 2-41 

CLEAR A, R, B 2-41 

CLEAR LOCATION 2-42 

SHIFT RIGHT A 2-43 

SHIFT RIGHT A AND R 2-43 

SHIFT RIGHT A WITH SIGN 2-43 

SHIFT LEFT A 2-44 

SHIFT LEFT A AND R 2-44 

SHIFT LEFT A WITH SIGN 2-44 

MAGNETIC-TAPE SEARCH 4-12 

MAGNETIC-TAPE FIELD SEARCH 4-12 

MAGNETIC-TAPE LANE SELECT 4-12 

A-2 



Appendices 



Instruction 
Format 

± 1234 56 7890 



± uhhS 

± uhh9 

uhhk 

4 uhhk 

iti univ 

=b univ 

± unkk 

± uni i 

±: unkk 

±: uni i 

± uniO 

± unil 



50 i i i i 

50 i i i i 

OX 3.HH3 

51 aaaa 

52 aaaa 

53 aaaa 

54 aaaa 

55 aaaa 

56 aaaa 

57 aaaa 

58 i i i i 
58 i i i i 



±: uni2 58 iiii 

zt u i i 59 aaaa 

±: uiil 59 aaaa 

± u i i r 60 aaaa 

±: uicf 61 aaaa 

rb u i i f 62 aaaa 

±: uiif 63 aaaa 

±: uiii 64 aaaa 

± uiii 65 aaaa 



Operation 
Abr Name Page 

MRW MAGNETIC-TAPE REWIND 4-12 

MDA MAGNETIC-TAPE REWIND, DE-ACTIVATE 4-12 

MTC MAGNETIC-TAPE SCAN 4-14 

MFC MAGNETIC-TAPE FIELD SCAN 4-14 

MRD MAGNETIC-TAPE READ 4-15 

MRR MAGNETIC-TAPE READ, RECORD 4-16 

MIW MAGNETIC-TAPE INITIAL WRITE 4-18 

MIR MAGNETIC-TAPE INITIAL WRITE, RECORD 4-19 

MOW MAGNETIC-TAPE OVERWRITE 4-20 

MOR MAGNETIC-TAPE OVERWRITE, RECORD 4-21 

MPF MAGNETIC-TAPE POSITION FORWARD 4-21 

MPB MAGNETIC-TAPE POSITION BACKWARD 4-21 

MPE MAGNETIC-TAPE POSITION AT END 

OF INFORMATION 4-21 

MIB MAGNETIC-TAPE INTERROGATE, BRANCH 4-22 

MIE MAGNETIC-TAPE INTERROGATE END 

OF TAPE, BRANCH 4-22 

CRD CARD READ 6-18 

CWR CARD WRITE 6-25 

CRF CARD READ, FORMAT LOAD 6-27 

CWF CARD WRITE, FORMAT LOAD 6-29 

CRI CARD READ INTERROGATE, BRANCH 6-31 

CWI CARD WRITE INTERROGATE, BRANCH 6-51 



B. BURROUGHS 220 INSTRUCTION LIST, ALPHABETICALLY, BY ABBREVIATION 



Instruction 
Format. 




1234 


56 


789C 


iiil 


12 


aaaa 


iiiO 


12 


aaaa 


iiii 


19 


aaaa 


iiiO 


35 


aaaa 


iiiO 


34 


aaaa 


iiil 


34 


aaaa 


ui ii 


38 


aaaa 


iiil 


35 


aaaa 


sLnn 


36 


aaaa 


sLnn 


37 


aaaa 


iiii 


31 


aaaa 


iiii 


32 


aaaa 



Operation 

Abr Name Page 

ADA ADD ABSOLUTE 2-9 

ADD ADD 2-9 

ADL ADD TO LOCATION 2-16 

BCE BRANCH, COMPARISON EQUAL 2-34 

BCH BRANCH, COMPARISON HIGH 2-33 

BCL BRANCH, COMPARISON LOW 2-33 

BCS BRANCH, CONTROL SWITCH 3-3 

BCU BRANCH, COMPARISON UNEQUAL 2-34 

BFA BRANCH, FIELD A 2-35 

BFR BRANCH, FIELD R 2-36 

BOF BRANCH, OVERFLOW 2-31 

BRP BRANCH, REPEAT 2-32 

A-3 
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Instruction 
Format 


1 




± 


1234 


56 


7890 


Abr 


± 


ii in 


33 


aaaa 


BSA 


± 


iiii 


30 


aaaa 


BUN 


±: 


iiil 


10 


aaaa 


CAA 


± 


ii i5 


45 


iiii 


CAB 


+ 


iiiO 


10 


aaaa 


CAD 


±: 


i ii3 


45 


iiii 


CAR 


± 


sLfO 


18 


aaaa 


CFA 


±: 


sLfl 


18 


aaaa 


CFR 


± 


iiil 


45 


iiii 


CLA 


± 


iii4 


45 


iiii 


CLB 


±z 


iiii 


46 


aaaa 


CLL 


± 


iii2 


45 




CLR 


± 


iii7 


45 




CLT 


± 


iii6 


45 




CRB 


± 


uiir 


60 


aaaa 


CRD 


± 


uiif 


62 


aaaa 


CRF 


± 


ui ii 


64 


aaaa 


CRI 


rt 


iiil 


11 


aaaa 


CSA 


± 


iiiO 


11 


aaaa 


CSU 


± 


ui if 


63 


aaaa 


CWF 


± 


ui i i 


65 


aaaa 


CWI 


d:; 


uicf 


61 


aaaa 


CWR 


± 


nnnn 


21 


aaaa 


DBB 


± 


sLnn 


27 


aaaa 


DFL 


± 


iiii 


15 


aaaa 


DIV 


±: 


sLnn 


28 


aaaa 


DLB 


± 


iiii 


17 


aaaa 


EXT 


± 


ni il 


22 


aaaa 


FAA 


± 


niiO 


22 


aaaa 


FAD 


± 


iiii 


25 


aaaa 


FDV 


± 


iiii 


24 


aaaa 


FMU 


± 


ni il 


23 


aaaa 


FSA 


± 


niiO 


23 


aaaa 


FSU 


± 


iiii 


00 


iiii 


HLT 


± 


nnnn 


20 


aaaa 


IBB 


^ 


sLnn 


26 


aaaa 


IFL 


± 


iii2 


39 


aaaa 


TOM 


± 


iii2 


08 


iiii 


KAD 


± 


iiil 


42 


aaaa 


LBC 


± 


iiiO 


42 


aaaa 


LDB 


±: 


iiii 


41 


aaaa 


LDR 



Operation 

Name Page 

BRANCH, SIGN A 2-32 

BRANCH, UNCONDITIONALLY 2-31 

CLEAR ADD ABSOLUTE 2-7 

CLEAR A, B 2-41 

CLEAR ADD 2-7 

CLEAR A, R 2-41 

COMPARE FIELD A 2-14 

COMPARE FIELD R 2-14 

CLEAR A 2-41 

CLEAR B 2-41 

CLEAR LOCATION 2-42 

CLEAR R 2-41 

CLEAR A, R, B 2-41 

CLEAR R, B 2-41 

CARD READ 6-18 

CARD READ, FORMAT LOAD 6-27 

CARD READ INTERROGATE, BRANCH 6-31 

CLEAR SUBTRACT ABSOLUTE 2-8 

CLEAR SUBTRACT 2-8 

CARD WRITE, FORMAT LOAD 6-29 

CARD WRITE INTERROGATE, BRANCH 6-31 

CARD WRITE 6-25 

DECREASE B, BRANCH 2-18 

DECREASE FIELD LOCATION 2-27 

DIVIDE 2-12 

DECREASE FIELD LOCATION, LOAD B 2-29 

EXTRACT 2-14 

FLOATING ADD ABSOLUTE 2-18 

FLOATING ADD 2-18 

FLOATING DIVIDE 2-24 

FLOATING MULTIPLY 2-22 

FLOATING SUBTRACT ABSOLUTE 2-20 

FLOATING SUBTRACT 2-20 

HALT 2-6 

INCREASE B, BRANCH 2-17 

INCREASE FIELD LOCATION 2-26 

INTERROGATE OVERFLOW MODE 2-37 

KEYBOARD ADD 3-2 

LOAD B COMPLEMENT 2-40 

LOAD B 2-40 

LOAD R ; 2-39 

A-4 



Appendices 



-+- 



Instruction 
Format 

1234 56 7890 

i i in 43 i i i i 

uhh9 50 i i i i 

uhhk 51 aaaa 

uhhO 50 aaaa 

ui iO 59 aaaa 

u i i 1 59 aaaa 

un i i 55 aaaa 

unkk 54 aaaa 

uhh4 50 i i i i 

un i i 57 aaaa 

unkk 56 aaaa 

un i 1 58 i i i i 

uii2 58 iiii 



uniO 58 

univ 52 

univ 53 

uhh8 50 

uhhk 51 

uhhO 50 

iiii 14 

iiii 01 

uiiv 04 

unnv 03 

unnv 05 



unni 
iiii 
inni 



06 
16 
29 



i i iO 49 

i i i2 49 

iiii 49 

iiii 39 

iiiO 39 

dnnv 09 

iiiO 48 

iii2 48 

iiii 48 

sLfO 40 

sLf2 40 

iiii 44 



1111 
aaaa 

aaaa 
iiii 
aaaa 

aaaa 
aaaa 
iiii 

aaaa 
aaaa 
aaaa 

aaaa 
iiii 
aaaa 

i inn 
iinn 
i inn 

aaaa 
aaaa 
aaaa 

i inn 
i inn 
i inn 

aaaa 
aaaa 
aaaa 



Operation 

Abr Name Page 

LSA LOAD SIGN A 2-40 

MDA MAGNETIC-TAPE REWIND, DE-ACTIVATE 4-12 

MFC MAGNETIC-TAPE FIELD SCAN 4-14 

MFS MAGNETIC-TAPE FIELDSEARCH 4-12 

MID iviAVjiMLiiL.-iAriL liM r^nnuLrA 1 iL, i3nAi>v-.n ^-zz 

MIE MAGNETIC-TAPE INTERROGATE END 

OF TAPE, BRANCH 4-22 

MIR MAGNETIC-TAPE INITIAL WRITE, RECORD 4-19 

MIW MAGNETIC-TAPE INITIAL WRITE 4-18 

MLS MAGNETIC-TAPE LANE SELECT 4-12 

MOR MAGNETIC-TAPE OVERWRITE, RECORD 4-21 

MOW MAGNETIC-TAPE OVERWRITE 4-20 

MPB MAGNETIC-TAPE POSITION BACKWARD 4-21 

MPE MAGNETIC-TAPE POSITION AT END 

OF INFORMATION 4-21 

MPF MAGNETIC-TAPE POSITION FORWARD 4-21 

MRD MAGNETIC-TAPE READ 4-15 

MRR MAGNETIC-TAPE READ, RECORD 4-16 

MRW MAGNETIC-TAPE REWIND 4-12 

MTC MAGNETIC-TAPE SCAN 4-14 

MTS MAGNETIC-TAPE SEARCH 4-12 

MUL MULTIPLY 2-11 

NOP NO OPERATION 2-7 

PRB PAPER-TAPE READ, BRANCH 5-6 

PRD PAPER-TAPE READ 5-4 

PRI PAPER-TAPE READ, INVERSE FORMAT 5-8 

PWR PAPER-TAPE WRITE 5-9 

RND ROUND 2-13 

RTF RECORD TRANSFER 2-30 

SLA SHIFT LEFT A 2-44 

SLS SHIFT LEFT A WITH SIGN 2-44 

SLT SHIFT LEFT A AND R 2-44 

SOH SET OVERFLOW HALT 2-37 

SOR SET OVERFLOW REMEMBER 2-37 

SPO SUPERVISORY PRINT-OUT 3-2 

SRA SHIFT RIGHT A 2-43 

SRS SHIFT RIGHT A WITH SIGN 2-43 

SRT SHIFT RIGHT A AND R 2-43 

STA STORE A 2-38 

STB STORE B 2-38 

STP STORE P 2-41 

A-5 



Appendices 




Instruction 




Format 




dz 1234 56 


7890 


± sLfl 40 


aaaa 


± iiil 13 


aaaa 


±: iiiO 13 


aaaa 



Operation 
Abr Name Page 

STR STORE R 2-38 

SUA SUBTRACT ABSOLUTE 2-10 

SUB SUBTRACT 2-10 



C. ALPHANUMERIC CODES AND THEIR REPRESENTATION 





Computer 

and 
Magnetic 

Tape 


Code 


Z 

S| 


a. 




Paper Tape 




Channel 


Symbol 


X 





V 


8 


4 


2 


1 


BURROUGHS 
220 


046 


(space) 


(space) 


00 






V 










- 


(blank) 


• 


• 


03 


X 







8 




2 


1 


1 - 11 


12 8-3 


n 


n 


04 


X 





V 


8 


4 






1 - 12 


12 84 


& 


& 


10 


X 





V 










1 - 


12 


1 


$ 


13 


X 




V 


8 




2 


1 


2 - 11 


11 8-3 


* 


» 


14 


X 






8 


4 






2 ■ 12 


11 8-4 


■ 


- 


20 


X 














2 - 


11 


/ 


/ 


21 







V 








1 


4 - 1 


1 


5 


J 


23 







V 


8 




2 


1 


4 ■ 11 


8-3 


% 


% 


24 









8 


4 






4 - 12 


8-4 


# 


# 


33 








8 




2 


1 


- 11 


8-3 


@ 


@ 


34 






V 


8 


4 






■' 12 


8-4 


A 


A 


41 


X 













1 


1 - 1 


12 1 


B 


B 


42 


X 











2 




1 ■ 2 


12 2 


C 


C 


43 


X 





V 






2 


1 


1 ■ 3 


12 3 


D 


D 


44 


X 









4 






1 - 4 


12 4 



A-6 
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Computer 

and 
Magnetic 

Tape 


Code 


Z 

o 

1- ® 

^ 00 

< 
u 


a. 




Paper Tape 




Channel 


Symbol 


X 





'Z ffl 

It 

V 


8 


4 


2 




BURROUGHS 
220 


046 


E 


E 


45 


X 





V 




4 






1 - 5 


12 5 


F 


F 


46 


X 





V 




4 


2 




1 - 6 


12 6 


G 


G 


47 


X 









4 


2 




1 - 7 


12 7 


H 


H 


48 


X 







8 








1 - 8 


12 8 


I 


I 


49 


X 





V 


8 








1 - 9 


12 9 


J 


J 


51 


X 




V 










2 - 1 


11 1 


K 


K 


52 


X 




V 






2 




2 - 2 


11 2 


L 


L 


53 


X 










2 




2 - 3 


11 3 


M 


M 


54 


X 




V 




4 






2 - 4 


11 4 


N 


N 


55 


X 








4 






2 - 5 


11 5 








56 


X 








4 


2 




2 - 6 


11 6 


P 


P 


57 


X 




V 




4 


2 




2 - 7 


11 7 


Q 


Q 


58 


X 




V 


8 








2 - 8 


11 8 


R 


R 


59 


X 






8 








2 - 9 


11 9 


S 


S 


62 







V 






2 




4 - 2 


2 


T 


T 


63 













2 




4 ■ 3 


3 


U 


U 


64 







V 




4 






4 - 4 


4 


V 


V 


65 











4 






4 - 5 


5 


W 


w 


66 











4 


2 




4 - 6 


6 


X 


X 


67 







V 




4 


2 




4 - 7 


7 


Y 


Y 


68 







V 


8 








4 - 8 


8 


Z 


z 


69 









8 








4 - 9 


9 



A-7 
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Computer 

and 
Magnetic 

Tape 


Code 


Z 

o 

^ 0) 

< *^ 

(^ CD 

< 


a. 




Paper Tape 




Channel 


Symbol 


X 





'Z <D 

It 

V 


8 


4 


2 




BURROUGHS 
220 


046 


(zero) 


(zero) 


80 

















4 - 





1 


1 


81 
















- 1 


1 


2 


2 


82 












2 




- 2 


2 


3 


3 


83 






V 






2 




- 3 


3 


4 


4 


84 










4 






- 4 


4 


5 


5 


85 






V 




4 






- 5 


5 


6 


6 


86 






V 




4 


2 




- 6 


6 


7 


7 


87 










4 


2 




- 7 


7 


8 


8 


88 








8 








■ 8 


8 


9 


9 


89 






V 


8 








- 9 


9 


Tab 


Skip 


26 







V 


8 


4 


2 




- 14 


8-6 


Carriage 
Return 


CR 


16 


X 




V 


8 


4 


2 




2 - 14 


11 8-6 


Form Out 


PI 6 


15 


X 




V 


8 


4 








11 8-5 


End-of- 
Word 


PI 7 


35 








8 


4 






8-5 


Blank 


SPl 


02 


X 





V 


8 




2 


12 8-2 


Tape 
Feed 


Tape 
Feed 


* 


X 





V 


8 


4 


2 




12 8-7 


Not 

assigned 


End 
Cardl 


36 








8 


4 


2 




8-6 


End 
Card 2 


27 









8 


4 


2 




8-7 


Correct 
Tab 


37 






V 


8 


4 


2 




8-7 



Not represented. 
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Computer 

and 
Magnetic 

Tape 


Code 


Z 

o 

< **: 
< 


Punched 
Card 




Paper Tape 




Channel 


Symbol 


X 





'Z 0) 

V 


8 


4 


2 


1 


BURROUGHS 
220 


046 


Not 
assigned 


Error 


17 


X 






8 


4 


2 


1 


Not 
assigned 


11 8^7 


PIl 


32 






V 


8 




2 




8-2 


PI 2 


12 


X 






8 




2 




11 8-2 


PIS 


22 









8 




2 




8-2 


PI 4 


25 







V 


8 


4 




1 


8-5 


PI 5 


05 


X 







8 


4 




1 


12 8-5 


SP2 


06 


X 







8 


4 


2 




12 8-6 



D. A GLOSSARY OF TERMS 

ABSOLUTE VALUE: The absolute value of a number, 
n, is the number which results from making the sign of 
n positive. For example, if n = +6, the absolute value 
of n is +6; if n = —7, the absolute value of n is +7. 
In symbols, we would write: |+6| = +6; |~7| = +7. 

In general, then, |n| = +n, if n is greater than or equal 
to zero; and Ini = — n, if n is less than zero. 



ADDRESS OF BASE OF LOCATION • • • : Because the 
address part of an instruction word can be augmented by 
the contents of the B register as the instruction is fetched 
from storage to the C register, that address frequently is 
not the address of the location referenced by the instruc- 
tion which is executed. In such cases the address part of 
the instruction in storage is the base on which is con^ 
structed — by addition of the contents of the B register— 
the actual address used by the instruction which is exe- 
cuted. In this context it is convenient to call the address 
part of the stored instruction the "address of the base of 
the location of * * * ." 

BLOCK: A "block" of information on BURROUGHS 
220 magnetic tape is the information recorded between 
two inter-block gaps. It is so stated because a block may 
contain any number of Data Processor words from a min- 
imum of 10 words to a maximum of 100 words. 



B-REGISTER ADDRESS-MODIFICATION: The B reg- 
ister and the address part of a word are four digits long. 
B-register address-modification is the addition of the con- 
tents of the B register to the address part of a word; only 
the four low-order digits of the sum are retained however. 
Moreover, there can be no carry into digit-position 5 in 
the word which is modified. 

FIELD: A field is a set of contiguous digit-positions. 

ITEM : An item is a piece of information within a record. 

PARTIAL- WORD FIELD: A field, all of whose digit po- 
sitions lie in the same word. 

RECORD : A record is the amount of information on any 
one subject; this is a function of the problem, not of the 
machine. 

E. A GLOSSARY OF SYMBOLS 

(aaaa) : Contents of location whose address is aaaa. 

(aaaa)a: The subscript "a" identifies the contents 

after execution. 

(aaaa)b: The subscript "b" identifies the contents 

before execution. 

[aaaa] : The enclosure, in brackets, of an address, 

is an indication that the address may be or 
will be modified during program execu- 
tion. 
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<aaaa>: It is convenient to distinguish B-register 
address-modification from other types. Al- 
though the contents of the sign-digit posi- 
tion of an instruction word specify such 
modification, the sign-digit is not suffi- 
ciently distinctive on a handwritten coding 
sheet. 

B[aaaa]: In the description of each operation it is 

necessary to indicate that B-register ad^ 
dress-modification may or may not occur. 
This symbol indicates, therefore, that where 
B-modification is not intended it represents 
the contents of location aaaa; where B- 
modification is intended it represents the 
contents of location (aaaa + the contents 
of the B-register). 

rA, etc. : A lower-case "r" will precede the names of 

the various registers in the control and 
arithmetic units in order to distinguish 
them. rA, for example, is the A register. 

rA:sL: In order to specify a partial-word field, 

three parameters are required : the location 
of the word containing the field, and the 
two boundaries of the field. In the example 
shown, the location is the A register. The 
letter s designates the position of the right- 
hand boundary, i.e., the low-order digit of 
the partial-word field. The left-hand bound- 
ary is defined by specifying that there are 
L digits in the partial-word field. For ex- 
ample, rA:04 specifies the address part of 
the A register; {rA:04) is the address it- 
self, i.e., the four digits in the specified 
field. And rD:±l is the sign-digit position 
in the D register, 

(rA:±l)/l: This symbol specifies the one bit of the A 
register's sign digit. Similarly, (rA:±l)/2 
means the two bit of the A register's sign 
digit, and so forth. 



This diagram identi- 
fies the digit positions 
in a computer word. The digit position 
identified by the symbol "±" is called the 
sign-digit position. The contents of digit 
positions 1, 2, 3, and 4 are sometimes called 
control digits; the contents of digit posi- 
tions 5 and 6 comprise the operation code; 
and the remaining four digit-positions com- 
prise the address part of the word, when 
these terms are meaningful. 

"(rP) -> rE" means "the contents of the 
P register go into (i.e., replace the con- 
tents of) the E register." Alternatively one 



± 


12 3 4 


5 6 


7 8 9 




1 1 1 


1 


1 1 1 



may write "(rP) -^ (rE)" which is to be 
read "the contents of the P register replace 
the contents of the E register". 

"(rB) Adders (rC:04)" means "the 

contents of the B register go through the 
adder and replace the contents of the ad- 
dress part of the C register." 

the absolute value of nnnn. See Appendix 
D, A Glossary of Terms, for a definition 
of absolute value. 



The following symbols are used in the flow charts, which 
elaborate on the execution of the BURROUGHS 220 op- 
erations: 



nnnn 







2-60: 



o 



This is connector A. If it is an output con- 
nector, the corresponding input connector 
will be found on page 2-60; if it is an 
input connector, the corresponding output 
connector will be found on page 2-60. 

This indicates action. All of the action 
associated with this symbol is specified 
beside the symbol. All of the action asso- 
ciated with the symbol occurs simultane- 
ously. 

This is the symbol for a branch point ; 
it is used to indicate alternative 
courses of action. 



F. INSTRUCTION TIMES, ALPHABETICALLY, 
BY ABBREVIATION 



-> 





Op 




Total time (Fetch + Execute) 


Abr 


Code 




in fjiS / Remarks 


ADA 


12 


185 


/ No decomplement 






245 


/ Decomplement 


ADD 


12 


185 


/ No decomplement 






245 


/ Decomplement 


ADL 


19 


255 


/ No decomplement 






315 


/ Decomplement 


BCE 


35 


105 


/ No branch 






125 


/ Branch 


BCH 


34 


105 


/ No branch 






125 


/ Branch 


BCL 


34 


105 


/ No branch 






125 


/ Branch 


BCS 


38 


105 


/ No branch 






125 


/ Branch 
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Abr 


Op 
Code 




Total time (Fetch + E: 
in /xs / Remarks 


BCU 


35 


105 
125 


/ No branch 
/ Branch 


BFA 


36 


165 
185 


/ No branch 
/ Branch 


BFR 


37 


165 
185 


/ No branch 
/ Branch 


BOF 


31 


105 
125 


/ No branch 
/ Branch 


BRP 


32 


105 
125 


/ No branch 
/ Branch 


BSA 


33 


175 
195 


/ No branch 
/ Branch 


BUN 


30 


125 




CAA 


10 


185 




CAB 


45 


100 




CAD 


10 


185 




CAR 


45 


100 




CFA 


18 


240 




CFR 


18 


240 




CLA 


45 


100 




CLB 


45 


100 




CLL 


46 


115 




CLR 


45 


100 




CLT 


45 


100 




CRB 


45 


100 




CRD 


60 


5855 
7270 
9110 


/ Minimum 
/ Average 
/ Maximum 


CRF 


62 


8635 
10050 
12030 


/ Minimum 
/ Average 
/ Maximum 


CRI 


64 


335 
355 
375 


/ Minimum, no branch 
/ Average, no branch 
/ Maximum, no branch 






355 
375 
395 


/ Minimum, branch 
/ Average, branch 
/ Maximum, branch 


CSA 


11 


185 




csu 


11 


185 




CWF 


63 


8635 
10050 
12030 


/ Minimum 
/ Average 
/ Maximum 





Op 




Total time (Fetch + Execute) 


Abr 


Code 




in p.s / Remarks 


CWI 


65 


335 


/ Minimum, no branch 






355 


/ Average, no branch 






375 


/ Maximum, no branch 






355 


/ Minimum, branch 






375 


/ Average, branch 






395 


/ Maximum, branch 


CWR 


61 


8635 


/ Minimum 






10050 


/ Average 






12030 


/ Maximum 


DBB 


21 


130 


/ No branch 






150 


/ Branch 


DFL 


27 


250 




DIV 


15 




/ Quotient is (rA)a 






180 


/ Minimum, overflow 






1285 


/ Minimum, (rA)a = ± 0909 
09 0909 






3985 


/ Average, (rA)^ = ± 5555 
55 5555 






6685 


/ Maximum, (rA)a = ± 9090 
90 9090 



/ liixecution time — exclusive oi 
fetch time — is a function of 
the magnitude of the quotient 
(rAla, if overflow does not 
occur. It may be calculated 
with the aid of the following 
formula : 



T = 3895 + 602 [(rA: 2k+l, l)a - 

k=0 

(rA:2k, Da] 

= 3895 + 60 [(rA:ll) - (rA:21) + 
(rA:31)-(rA:41) + (rA:51) - 
(rA:61) + (rA:71)-(rA:81) + 
(rA:91)-(rA:01)] 



DLB 


28 


250 




EXT 


17 


235 




FAA 


22 


280 


/ Sum = 






325 


/ Minimum, underflow 






410 


/ Maximum, underflow 






215 


/ Sum ^ 0, no decomplement, 
minimum 






360 


/ Sum 7^ 0, no decomplement, 
maximum 






280 


/ Sum 7^ 0, decomplement, 
minimum 






415 


/ Sum =^ 0, decomplement, 
maximum 
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Op Total time (Fetch + Execute) 

Abr Code in ^as / Remarks 

FAD 22 280 / Sum = 

325 / Minimum, underflow 
410 / Maximum, underflow 
215 / Sum 7^ 0, no decomplement, 

minimum 
360 / Sum =^ 0, no decomplement, 

maximum 
280 / Sum 7^ 0, decomplement, 

minimum 
415 / Sum 7^ 0, decomplement, 

maximum 

FDV 25 175 / Quotient or divisor = 

260 / Underflow 

175 / Overflow, minimum 

6775 / Overflow, maximum 

4075 / Quotient 7^ 0, average 

6775 / Quotient 7^ 0, maximum 

FMU 24 175 / Product = 

255 / Overflow 

255 / Underflow, minimum 

2915 / Underflow, maximum 

1735 / Product 7^ 0, average 

2915 / Product ^ 0, maximum 

FSA 23 280 / Difference = 

325 / Underflow, minimum 
410 / Underflow, maximum 
215 / Difference =^ 0, no 

decomplement, minimum 
360 / Difference 7^ 0, no 

decomplement, maximum 
280 / Difference 7^ 0, 

decomplement, minimum 
415 / Difference 7^ 0, 

decomplement, maximum 

FSU 23 280 / Difference = 

325 / Underflow, minimum 
410 / Underflow, maximum 
215 / Difference 7^ 0, no 

decomplement, minimum 
360 / Difference =7^ 0, no 

decomplement, maximum 
280 / Difference 7^ 0, 

decomplement, minimum 
415 / Difference 7^ 0, 

decomplement, maximum 

HLT 00 100 

IBB 20 130 / No branch 
150 / Branch 

IFL 26 250 

lOM 39 105 / No branch 

125 / Branch 



Abr 


Op 
Code 




Total time (Fetch + Execute] 
in ,us / Remarks 


KAD 


08 




/ Manual operation 


LBC 


42 


180 




LDB 


42 


180 




LDR 


41 


175 




LSA 


43 


105 




MDA 


50 




/ See Appendix G. 


MFC 


51 




/ See Appendix G. 


MFS 


50 




/ See Appendix G. 


MIB 


59 




/ See Appendix G. 


MIE 


59 




/ See Appendix G. 


MIR 


55 




/ See Appendix G. 


MIW 


54 




/ See Appendix G. 


MLS 


50 




/ See Appendix G. 


MOR 


57 




/ See Appendix G. 


MOW 


56 




/ See Appendix G. 


MPB 


58 




/ See Appendix G. 


MPE 


58 




/ See Appendix G. 


MPF 


58 




/ See Appendix G. 


MRD 


52 




/ See Appendix G. 


MRR 


53 




/ See Appendix G. 


MRW 


50 




/ See Appendix G. 


MTC 


51 




/ See Appendix G. 


MTS 


50 




/ See Appendix G. 


MUL 


14 


230 
2095 
3480 


/ Multiplier is (rA)b 

/ Minimum, (rA)b = ± 0000 

00 0000 
/ Average, (rA)b = ±0123 

45 6789 
/ Maximum, (rA)b = ± 5555 

55 5555 



/ Execution — exclusive of fetch 
time — is a function of the 
magnitude of the multiplier 
(rA)b- It may be calculated 
from the following formula: 



T = 90 + 52Mk, 

k=o 
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Abr 



Op 
Code 

where 



Total time (Fetch + Execute) 
in /xs / Remarks 



Mk = 1 if (rA:kl) = 

Mk= 13 [(rA:kl)] + 1 if 1< (rA:kl) < 5 
Mk = 13 [ll-(rA:kl)] if6< (rA:kl) <9 

Hence the following table : 



(rA:kl) 





1 


2 


3 


4 


5 


6 


7 


8 


9 


Mk 


1 


14 


27 


40 


54 


66 


65 


52 


39 


26 



NOP 01 100 

PRB 04 / Photoreader speed, nominally 

1000 characters per second 

PRD 03 / Photoreader speed, nominally 

1000 characters per second 

PT3T AC / TJl,^* J — „ ] „„™'„„n,, 

J. J-i-i '-'<-» / ± iiuLUicauci opccu, iiuiiiiiiaiiy 

1000 characters per second 

PWR 06 / Punch speed, nominally 60 

characters per second 
/ Printer speed, nominally 7— 
10 characters per second 

RND 16 105 / (rR:ll) < 5 

165 / (rR:ll) > 5 





Op 


Total time (Fetch + Execute) 


Abr 


Code 


in jus / Remarks 


RTF 


29 


130 + 60 (nn) 


/ 01 < nn < 99 






6130 


/ nn = 00 


SLA 


49 


160 - 5Ni 


/ nn = Ni, mod 10 


SLS 


49 


160 - 5Ni 


/ nn = Ni, mod 10 




49 


210 — 5N2 


/ nn ^ N2, mod 20 


SOH 


39 


105 




SOR 


39 


105 




SPO 


09 


/ Printer 


speed, nominally 7 - 






10 characters per second 


SRA 


48 


110 + 5N 


/ nn = N, mod 20 


SRS 


48 


110 + 5N 


/ nn = N, mod 20 


SRT 


48 


110 + 5N 


/ nn = N, mod 20 


STA 


40 


190 




STB 


40 


190 




STP 


44 


185 




STR 


40 


190 




SUA 


13 


185 / No decc 


)mplement 



245 / Decomplement 

SUB 13 185 / No decomplement 

245 / Decomplement 



G. MAGNETIC-TAPE INSTRUCTION TIMES 

Magnetic-tape instruction times include Data Processor 
instruction Fetch time, and complete Execute time in- 
cluding that during which the Data Processor and other 
units associated in the execution of the instruction are 
busy together or separately. Table G-1 lists instruction 
times when the TSU is used; Table G-2 lists times for 
use of the DATAFILE Unit. 

TSU INSTRUCTION TIMES (See Table G-1) 

Times are computed on the following basis: 

1. Data Processor Fetch time: 09 ms (column 2) 
Data Processor Execute time (column 3) 

2. Tape transit time at full speed (.04 ms/digit space) 

(column 3 or 4) 

3. Start time: 3 ms. 



Start time = 3 ms + unknown time difference "x" which 
results from difference in position of head relative to 
preface of first block to be reached. The formulas in Ta- 
ble G-1 and G-2 are computed with "x" = 1 ms. 

In case of instructions involving a lane change, "x" may 
be nearly one block tape-transit time as blocks may not 
start at the same point on the two lanes. 

4. Stop time : 3 ms. 

5. Turnaround time: 5 ms. 

6. +2 ms by TCU to lock up and complete instruc- 
tion. 

7. Add 70-73 ms for lane change in an instruction. 
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DATAFILE INSTRUCTION TIMES (See Table G-2) 

Computations are basically the same as those for the 
TSU; however, nominal stop, start, and turnaround times 
are larger. 

1. Data Processor Fetch time: .09 ms (column 2) 

Execute time: (column 3) 

2. Nominal tape speed and format 

3. Start time: 4 ms + x; x = 1 (assumed) 

4. Stop time : 4 ms 

5. Turnaround time: 8 ms 



6. + 2 ms for TCU locking 

7. Additional 8 ms on any search or scan instruction 
over TSU time. 

8. Lane change on the same tape 40 ms 

9. DATAFILE bin changes: 200 + 25B (B = num- 
ber of bins passed over). If the head passes over 
the center of the file (48/49 ^ 50/51), add 100 ms 



Using the nominal figures, times for the DATAFILE 
operations on one tape exceed equivalent TSU times by 
5 ms or 13 ms. 







Table G-I. 220 Magnetic-Tape— TSU— Instruction Times in 


ms 


instructions 


Fetch 
Time 


Execute Time = A + B + C 


Comments 


A 


B 


C 


Op 


Mnemonic 


DP* 


DP* TCU* TSU* 


TCU* TSU* 


TSU* 


50 
50 


MTS 
MFS 


.09 ms 


0.16 ms 


16+N(3.2 + .48k)+C 




See Page A-16 for re-try 
times 


50 


MLS 


.09 


0.16 


3 + C 






50 
50 


MRW 
MDA 


.09 
.09 


0.16 
0.16 


50 


lOOL 


L = Length, in feet, of tape 
to be rewound 


51 
51 


MTC 
MFC 


.09 
.09 


0.16 
0.16 


16+(N + 2) (3.2+.48k) 

+ C 






52 
53 
56 

57 


MRD 
MRR 
MOW 
MOR 


.09 
.09 
.09 
.09 


6 + N(3.2+.48k) 


12 






54 
55 


MIW 
MIR 


.09 
.09 


6 + N (3.2+. 48k) 


14 






58 


MPF 


.09 


0.13 


16+N(3.2+.48k) 






58 


MPB 


.09 


0.13 


6 + N (3.2 + . 48k) 






58 


MPE 


.09 


0.13 


23 + N(3.2+.4Sk) 






59 
59 


MIB 
MIE 


.09 
.09 


a. 0.16 

b. 0.14 

c. 0.01 






a. TCU Not busy, TSU at 
end of tape. Branch 

b. TCU Not busy, TSU not 
at end of tape. No Branch 

c. TCU Busy. No Branch 



* These units are busy for times indicated. Omission of any of these three units from a column signifies that it is free for other purposes. 
N = Number of blocks traversed (except in MTC). In MTC, N = number of blocks traversed to block scanned for; the next block is 
traversed twice, resulting in the (N+2) coefficient, k = Number of words/block. C = 0, no lane change. C = 70, lane change. 
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Table G-2. 220 Magnetic-Tape— DAT AFILE— Instruction Times in ms (nominal) 







Fetch 


Execute Time = A + B + C 
















Instructions 


Time 


A 


B 


c 


Comments 


Op 


Mnemonic 


DP* 


DP* TCU* TSU* 


TCU* TSU* 


TSU* 


50 


MTS 


.09 




N(3.2-f.48k)+29 + 




Re-try time (See Page A-16.) 


50 


MFS 


.09 


\J,X\J 


C + d(200 + 25B + q) 










.09 


a. 0.16 


a. 10 


200+ 


a. No lane change 


50 


MLS 


.09 


b. 0.16 


b. 40 


25B 


b. Lane change on same tape 






.09 


c. 0.16 


c. 50 


+q 


c. Carriage movement to 
another tape 


50 


MRW 


.09 


0.16 


50 


lOOL 


L = Length, in feet, of tape 


50 


MDA 


.09 


0.16 






to be rewound 


51 


MTC 


.09 


0.16 


(N + 2) (3.2 + . 48k) +29 + 






51 


MFC 


.09 


0.16 


C + d(200+25B + q) 






52 


MRD 












53 


MRR 


AA 


T-LMi'Q 0_L AQV\ 


1 C .' _!_ 1 \ 






56 


MOW 


.Kjy 


1 1 l^ \<j.^ 1 .**»ji\./ 


J.J v-^j-; 






57 


MOR 












54 


MIW 


.09 










55 


MIR 


.09 


7 + N(3.2 + .48k) 


17 (±1) 






58 


MPF 


.09 


0.13 


N (3.2 + . 48k) +21 






58 


MFB 


.09 


0.13 


^(3-2 + . 48k) +8 






58 


MPE 


.09 


0.13 


N+(3.2 + .48k)+23 + 5 












a. 0.16 






a. TCU Not busy; TSU at 
end of tape ; Branch 


59 


MIB 


.09 










59 


MIE 


.09 


b. 0.14 

c. 0.01 






b. TCU Not busy; TSU not 
at end of tape ; No Branch 

c. TCU Busy; No Branch 



' These units are busy for times indicated. Omission of any of 
these three units from a column signifies that it is free for other 
purposes. 

N = Number of blocks traversed (except in MTC). 

In MTC, N = number of blocks traversed to block scanned for, 
the next block traversed twice, resulting in the (N+2) co- 
efficient. 

k = number of words/block. 



B = number of bins to be 
nated position. 

LANE 
CHANGE 



traversed by carriage to reach desig- 



MOVE TO CARRIAGE 

ANOTHER MOVES OVER 
TAPE 48/49-50/51 



YES: C = 40 
NO: C = 



d = 1 
d = 



q = 100 
q = 
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RECHECK OF KEY Low High 



MTS and MPS instructions incorporate the recheck-of- 
key or retry. 

Backward Search V High 

Forward Search Retry . ♦■ 



Low Low High Stop 



-•- 



Low 

Extra Time for Retry Pattern : 



„. , TSU: 14 + g (3.2 + .48k) ms 

High 



DF : 18-1/2 + g (3.2 + .48k) ms 



Stop / g = 2 full pattern (forward) 

g = 1 backward pattern 
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Burroughs Corporation EifciftoDAt* oivision 
BURROUGHS 220 

A Summary ol Operation! in Alphabetic Order 



Burroughs Corporaiion eiECTRooATA pivision 
BURROUGHS 220 Alphanumeric codes 



Initruclion 
Farmal 


A8R 


OPfRATION 


± 


1134 S« 7S90 


NAME 


~ 


1110 12 anaa 


ADM 


ADD 


i" 


till 12 nana 


ADA 


ADD ABSOLUTE 


■4- 


nil \9 anaa 


ADL 


ADD TO LOCATION 


+ 


1110 35 aaaft 


IJCE 


nRANCH, COMPAniSON EQUAL 


■t- 


mo 34 nana 


ecu 


BHANCH. COMPARISON HIGH 


T' 


Illl 34 nnan 


ncL 


HHANCH, COMPARISON LOW 


-L. 


IIH 35 nana 


HCi; 


PRANCH. COMPARISON UNEQUAL 


-4- 


ulll 38 naaa 


DCS 


RRANCH. CONTROL SWITCH 


"Z' 


sLnn 30 aaaa 


BFA 


BRANCH, FIELD A 


■IT 


sLnn 37 aaaa 


BKR 


HRANCH, nra.D R 


i^, 


Illl 31 naaa 


noF 


BRANCH. OVFRFI^OW 


-4- 


1111 32 aaaa 


niip 


BRANCH, RKPEAT 


1' 


llln 33 aana 


USA 


BRANCH . SIGN A 


~' 


nil 30 naaa 


nuN 


BRANCH. UNCONDITIONALLY 


T" 


ulvr 60 aaaa 


CRD 


CARD READ 


"~ 


ti 1 1 f 62 nana 


cnp 
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